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Abstract

The subject of this thesis is modeling of the mainte-

nance function in the strategic airlift system. The implicit

assumptions of the universal maintenance man concept are

investigated for applicability. A more detailed model of the

maintenance function is developed using SLAM as the primary

simulation language. Maintenance manning is modeled at the

Air Force Specialty Code level, to allow the possibility of

bottlenecks in manning requirements. Maintenance discrepan-

cies are determined for major subsystems of the airlift air-

craft, and distributions for repair times are estimated for

each subsystem. Substituting the detailed model of mainte-

nance for a model that uses universal maintenancemen, sub-

sequent runs of a simulation of the airlift system show the

assumptions of the universal maintenanc man"Poncept to be

invalid. Additionally, in a simulation using aggregate bases,

maintenance manning is not a significant factor.

v
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AN IMPROVED MAINTENANCE MODEL FOR THE

SIMULATION OF STRATEGIC AIRLIFT CAPABILITY

I Introduction

Background

Strategic airlift is the fastest method to transport

men and equipment between theaters of operations. "It is a

vital part of the balanced mobility force essential to the

attainment of national objectives" (Ref 1:1). The defense

of Europe and the North Atlantic Treaty Organization (NATO)

allies is one of our primary national objectives, but recent

increases in Soviet ground and air forces (Ref 5:100) have

made this task more difficult. Our policy of forward defense

(Ref 5:98) requires the forces in Europe to hold the Warsaw

Pact until reinforcements arrive from the United States.

Consequently, the primary objective of the United States Air

Force mobility program is to be able, by 1982, to double the

American divisions in Europe and increase the number of tac-

tical fighter squadrons by 30 percent, in about ten days

(Ref 5:207).

In order to plan defensive tactics, field commanders

must know the capabilities of strategic airlift, the primary

source of short-term resupply and reinforcement. The trans-

portation feasibility study, as directed by the Joint Stra-

tegic Capabilities Plan (Ref 6), usually deteimines the
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tactical options of the field commander. To meet the require-

ments of the planning process, the Military Airlift Command

(MAC) has tasked the DCS/Operations Plans "to maintain a sim-

ulation capability to evaluate airlift performance and cap-

ability in various scenarios" (Ref 11:182). In response to

this tasking, the Operations Research Division at MAC, XPSR,

has developed an extremely large simulation of the airlift

system, M-14.

The M-14 simulation models the airlift system as a

network of over 400 bases, through which aircraft, aircrews,

and cargo flow. Complex control mechanisms monitor such

items as crew duty time, crew rest times and facilities, and

cargo load generation. Details of numbers of parking places,

taxi times, and servicing capabilities are kept for each base

in the system. Aircraft flying times are followed so inspec-

tions and unscheduled maintenance tasks can be accomplished

by the maintenance force (Ref 9). This amount of detail

represents a monumental simulation effort which has resulted

in a very large model. There is one area, however, where the

amount of detail may not be sufficient to capture the effect

on the system.

M-14 uses what is commonly known as universal mainte-

nance men. No distinction is made with regard to specialty

skills among the maintenance force. All maintenance person-

nel are lumped into a pool and assigned from that pool. This

is a common approach in modeling the maintenance function,
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because it simplifies the complex structure of specialty

code manning. Because of the simplification, universal main-

tenance men are also used in smaller models, such as Holck

and Ticknor's thesis effort, modeling the reinforcement of

Europe (Ref 8). However, Holck and Ticknor noted that only

65 percent of their maintenance force was ever used at one

time, so there were never any delays due to maintenance man-

ning. They hypothesized that this did not represent reality

and suggested that further work be done in the analysis of

the maintenance area (Ref 8:78).

Implicit Assumptions

The use of universal maintenance men implies several

assumptions concerning the nature of the airlift system. On

face value, it assumes that any maintenance man can fix any

discrepancy on an aircraft. With the complexity of modern

aircraft, and by the very nature of the specialized training

given to the maintenance force, this assumption cannot repre-

sent reality. To be acceptable, the use of universal mainte-

nance men must make some other implicit assumptions. First,

it assumes that the total number of discrepancies will always

be distributed among the aircraft subsystems in exact propor-

tion to the percentage of the maintenance force that is cap-

able of fixing those subsystems. For example, if five percent

of the maintenance force consists of the technicians that

spcialize in radar, for any given period of time, exactly

five percent of all maintenance discrepancies will have to
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be on radars. Under this assumption, no aircraft can be

delayed due to lack of maintenance personnel, until the entire

maintenance force is busy.

The second implicit assumption, stemming from tre fact

that there will be no delays until the entire maintenance

force is busy, is that a very high percentage of the mainte-

nance force will be used. The only effect that maintenance

manning could have, in a simulation of strategic airlift cap-

ability, is to cause delays while aircraft wait for mainte-

nance men. Thus, if maintenance manning is modeled, delays

must be expected. Since those delays only occur after 100

percent utilization of the maintenance force, that high rate

of utilization must be expected.

Problem Statement

The implicit assumptions associated with the use of

universal maintenance men do not seem to be realistic. Main-

tenance discrepancies are not likely to occur in exact pro-

portion to the manning levels of the appropriate maintenance

specialists. Additionally, it may not be possible to obtain

100 percent utilization of the maintenance force. If these

assumptions are not valid, the results from a simulation that

employs universal maintenance men, as Holck and Ticknor sug-

gested, may not be representative of the actual maintenance

system. Similarly, the effect of maintenance manning on stra-

tegic airlift capability may also be misinterpreted.
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Purpose and Objectives

The purpose of this thesis is to test the implicit

assumptions of the universal maintenance man concept and to

determine the usefulness of the application of universal

maintenance men in simulations of strategic airlift capabil-

ity. In order to accomplish this purpose, the following

objectives were established:

1. Develop a realistic model of the maintenance

system, with emphasis on a detailed manning

structure.

2. Determine whether maintenance discrepancies

among subsystems occur in proportion to the

numbers of specialists capable of repairing

them.

3. Determine whether 100 percent utilization of

the maintenance force is feasible.

4. Determine whether maintenance manning has a

significant effect on airlift capability.

Scope and Limitations

This study deals exclusively with the issue of main-

tenance manning within a simulation of strategic airlift cap-

ability. This model is based on detailed modeling of main-

tenance manning, rather than the use of universal maintenance

men, and is intended only to show the differences in the two

approaches. The results of this study or the mathematical

methods of modeling this system may not be applicable to
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other types of aircraft or other roles. Also, the data, used

in this study, was collected during peacetime and may not be

representative of the actual wartime figures. However, the

general relationships, with which this thesis deals, should

apply to both scenarios. Finally, the model developed in this

thesis is tailored for inclusion in a simulation of a partic-

ular wartime scenario, and it may require expansion or spe-

cific tailoring to other scenarios.

Methodology

The first objective of this thesis is the development

of a credible model of the maintenance system. The model

must reflect the processes and interactions that occur be-

tween maintenance discrepancies and the maintenance force in

the actual system. Stochastic variables, such as the number

of discrepancies observed, the probability of requiring off-

base supply, the duration of repair times, and the probabil-

ity of requiring certain specialists, make an analytical

approach difficult. Alternately, simulation offers a meth-

odology that handles stochastic variables, allows experimen-

tation with a system that is too complex for direct experi-

mentation, and serves as a tool for the analysis of the be-

havior of a system (Ref 20:10,11). Therefore, this study

employs a simulation model as the primary tool for investi-

gation of the maintenance system.

The methodology for the development of a simulation

model is encompassed in the systems science paradigm
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(Ref 19:295), and the format of this study parallels that

paradigm. The first step in the paradigm is to conceptualize

the logic of the interactions of the elements of the system

(Ref 19:288). This conceptualization requires an understand-

ing of the system and how it operates, both internally and

with its environment. The second step, analysis and measure-

ment, requires the quantification of the interactive processes

and the means of measurement (Ref 19:299-301). This portion

includes the analysis of input data and the development of a

mathematical model of the system. Finally, the third step

involves the conversion of the mathematical model into a com-

puter model (Ref 19:302). Again, the computerization process

must retain the logic of the flow through the system, as con-

ceptualized in the first step.

This three-step process for development of the simu-

lation model is also iterative, in that analysis of the com-

puter model often leads to reconceptualization of the system,

and the process starts over (Ref 19:302). The three steps,

presented in Chapters III, IV, and V, represent the final

iteration of the paradigm in this study of the maintenance

system. Together, they form the process by which a represen-

tative computer model of the maintenance system was developed.

However, a model is of no use unless its validity can be

established. Since validation is part of each step in devel-

opment of the model, the approach to validation is discussed

in Chapter II, prior to the development of the model. With

7



this representative model, the analysis required to meet the

other objectives of this thesis was accomplished.

Determining the validity of the assumptions of the

universal maintenance man concept requires analysis of the

internal behavior of the maintenance system. Likewise, deter-

mining the significance of maintenance manning requires an

analysis of the maintenance system in operation, inside the

larger airlift system. The role of experimental design is to

plan both the form of the computer model, for partial anal-

ysis of the behavior of the system, and the final strategic

and tactical plans for execution of an experiment (Ref 20:

149). The experimental design for this thesis accomplishes

both of these. The model was designed to produce useable

statistics on the utilization of the maintenance force, and

the experiments were designed specifically to test the levels

of manning utilization and the significance of maintenance

manning on the airlift system. Finally, the Statistical

Package for the Social Sciences (SPSS) (Ref 14) was used to

do the statistical analysis of the results of those experi-

ments.

Overview

The remainder of this thesis details the process by

which the study was conducted, presents the findings, and

lists the conclusions and recommendations. Chapter II ex-

plains the validation process and the particular methods of

validation used in this study. As previously mentioned,

8



Chapters III, IV, and V represent the process of developing

the simulation model. Chapter III presents the maintenance

system and conceptualizes the processes within the system.

Chapter IV details the methods used to develop a mathemati-

cal model of the system and determine its inputs. Finally,

Chapter V shows the computerization of the mathematical model

and the verification of the computer model. Chapter VI ex-

plains the experimental design used to analyze the mainte-

nance system and discusses the results of those experiments.

Chapter VII lists the conclusions and recommendations for

both application of these results and further research.

Ii
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II Validation

Introduction

If a simulation model is to be used as a tool for the

investigation of a system, as is the case in this thesis, the

validity of that tool must be established. Although the def-

inition of validation is somewhat elusive, most authors in-

clude three concepts in their definitions. First, the pur-

pose of the model must be accomplished. Second, the fact

that any inferences drawn from the model are applicable to

the actual system must be established. Last, but most impor-

tant, validation is a process of building confidence in the

model and its outputs. Naturally, since this is a continuing

process, we can never attain absolute validity (Ref 17).

Because validation encompasses the entire process of modeling,

this chapter on validation is presented to explain the vali-

dation methods in this thesis, prior to the chapters on model

development.

Current Philosophy

The process orientation of validation is supported by

the general acceptance of Naylor and Finger's multi-stage

approach to validation (Ref 13:B-92).. In order to build con-

fidence in the model, throughout the simulation process, the

idea of looking back, after the simulation is finished, to

try to validate what was done, must be discarded. Averill

Law suggests that model development and validation must be

10
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done hand in hand, throughout the course of the simulation

study (Ref 10:338). Additionally, Sargent (Ref 17) and Van

Horn (Ref 25) agree that documentation, throughout the study,

is the key to confidence building.

The multi-stage approach encompasses all three of the

underlying philosophies of validation. The rationalist view,

based on synthetic a priori or unquestionable truths, suggests

that the validity of a model is based on the unquestionable

system of logic inherent in the model. The empiricist sug-

gests that all assumptions and hypotheses must be empirically

verified, and positive economics maintains that the output,

or predictive ability of the model, is all important (Ref 13:

B-93 to B-95 and 20:212-214). Combining all of these, the

most rigorous method of validation includes demonstration of

clear logic underlying the model and its assumptions, mathe-

matical verification of all inputs and processes within the

model, and comparison of outputs with the actual system.

Thus, validation begins with the conceptual stage of devel-

opment and continues through the entire process of model

building.

Complete validation, as described above, should be a

goal of any study, however, not all models can be completely

validated. Note that complete validation does not infer

absolute validity, but only the completion of all the phases

of the validation process. If the system being modeled is

only a proposed system, or the scenario being modeled is

11



expected in the future, no actual system outputs are avail-

able for comparison to model outputs. Positive economics

implies that this situation cannot be validated, but a multi-

stage approach still leaves two stages for partial validation.

If the logic of the model and mathematical processes are

shown to be valid, confidence in the model is increased and

a higher level of validity is achieved.

Methods Used

The model, developed in this thesis, simulates a

large and complex system that is not amenable to direct ex-

perimentation. Additionally, only a portion of the actual

system is directly incorporated into the model. Also, to

experiment with the model, it is included in a simulation

of a future scenario. For these reasons, comparison of model

outputs to actual system outputs is not feasible. Therefore,

validation of this model relies heavily on the acceptance of

its logic and the verification of its inputs. Additionally,

the primary purpose of this model is to investigate the na-

ture of the processes that occur within the maintenance sys-

tem, and not to observe specific output data. Since valida-

tion applies only to the intended purpose of the model, the

emphasis of validation is placed on the proper representation

of those inner processes in this model.

Since the validity of this model depends on the

acceptability of its logic and inputs, every effort has been

made to explain each step of model development in detail.

12
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The logic employed has been kept as straightforward as pos-

sible, while allowing enough detail and complexity to capture

the true nature of the system. The initial test of the

validity of this logic is its acceptance by Lieutenant Colonel

Thomas C. Clark, the advisor for this thesis. His extensive

experience, in both simulation modeling and the aircraft

maintenance field, provides the basis for an expert judgement

of this modeling effort. The final judgement, of course, is

left to the individual reader of this thesis.

The inputs and mathematical processes, developed in

Chapter IV, have been individually validated as much as pos-

sible. Where applicable, previous validation of individual

inputs is cited. Statistical methods and justification for

these methods are explained, and references are given for

each method. No credit is taken for an exhaustive study of

each input; however, the limitations and additional consid-

erations are discussed for each input. Also, the possible

effect of these limitations, on the results of this study,

are considered.

Besides the steps described above, additional confi-

dence can be gained by ensuring that the logic, developed

in Chapters III and IV, is properly translated into the

computer program, and the program runs as expected (Ref 7:

12-19). This process is commonly referred to as the verifi-

cation of the model, and the verification procedures are dis-

cussed at the end of Chapter V. Taken as a whole, the

13



validation attempts should support the validity of this model

for its intended purpose.
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III Conceptualization

Introduction

In order to accurately model any system, the nature

of the system must be understood, and the interactions of

that system with its environment must be analyzed. This con-

ceptualization process begins at a highly abstract level and

incrementally decreases in abstraction as details are added

to the conceptual model (Ref 19:290). The approach taken

here follows the same pattern. The maintenance system is

analyzed and a conceptual model is developed in an increas-

ingly complex form.

Maintenance System

The maintenance system is actually a subset of the

complete airlift system, and it acts as an input-output sys-

tem. In the most basic form, maintenance can be considered

a black box that gets an input from the airlift system. This

input is an aircraft that has completed a sortie and, in the

process, may have generated some maintenance discrepancies.

The black box holds the aircraft for a given period of time

and then returns the aircraft to the airlift system when the

discrepancies are fixed (see Figure 1). If the time delay,

while in maintenance, could be determined without any more

detail than this, modeling this system would be a simple

matter of determining the longest repair time for any dis-

crepancy. However, there are several limiting factors not

15



AIRLIFT SYSTEM

Aircraft in Aircraft out-
MAINTENANCE

Fig 1. Black Box Model of Maintenance

yet accounted for. Of particular interest, in this study,

is the possibility that the aircraft may incur additional

waiting time due to a lack of qualified maintenance personnel.

Additional Factors

If the availability of maintenance personnel is con-

sidered, spare parts must also be included. The availability

of spare parts determines whether personnel remain at work,

or are released until parts can be acquired. A new logic

flow (see Figure 2) is generated for this case. When an air-

craft enters maintenance, a determination of the number of

discrepancies is made. If none, the aircraft is mission-

ready and departs maintenance. If maintenano, is required,

personnel are assigned to begin work on the discrepancies.

If spare parts are required and are immediately available,

or, if no parts are required, work continues until the air-

craft is fixed. If parts are required, but are not available,

the parts are ordered and the personnel freed until the parts

16
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A/C Complete Mission

Mx Input

Require MX? No

IYes
Personnel Avail? I Wae.t

I Yes

* Mx Begins

Spare Parts Req? No

I Yes Yes

Parts on Base?4 No
Release Personnel Obtain Parts

Order Parts
e Pt Repair Complete

Wait

Mx utu

A/C Mission Ready

Fig 2. Maintenance Logic Structure
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arrive. At that time, personnel are again allocated to the

aircraft to finish the job.

This is the level of conceptualization that the uni-

versal maintenance men are used. One resource, consisting of

all maintenance men, is used, with no differentiation of spe-

cialty skills. Additionally, at this level, many other fac-

tors are assumed to be insignificant. The availability of

maintenance facilities and weather are two examples that have

some impact on the amount of time spent in maintenance. How-

ever, in keeping with the idea that a model should be designed

around the questions to be answered rather than imitate the

real system exactly (Ref 20:27), these factors can be dis-

counted. Without facilities and with inclement weather, the

jobs could still be accomplished, perhaps requiring more time

than normal. Since the emphasis of this study is not to

determine exact maintenance times, but to investigate the

effects of manning on that time, the inclusion of these fac-

tors would complicate the model unnecessarily.

Causal Structure

At this point, the conceptual model is still relatively

simple. As the number of aircraft, or the utilization rate

of those aircraft, increases, more maintenance discrepancies

are encountered. These discrepancies require more personnel

and spare parts, and either of these can become a limiting

factor. If the spare parts are depleted, aircraft must wait

until parts are made available from off-base sources. If

18



the number of personnel available is exceeded, aircraft must

wait for other work to be completed and personnel freed. The

end result of either of these circumstances is extended time

in maintenance and a decrease in aircraft utilization. Thus,

maintenance acts as a self-regulating feedback loop (Ref 20:

63). The effect of this loop, on the airlift system, is to

control the number of aircraft flying in the system.

Subsystems and Specialty Codes

In order to analyze the distribution of maintenance

requirements among the specialists, one more level of com-

plexity must be added to the conceptual model. In the actual

maintenance system, the maintenance force is divided into

groups of specialists that receive technical training in the

maintenance of particular types of equipment. These groups

are designated by Air Force Specialty Codes(AFSCs) (Ref 2)

and are essentially non-interchangeable. Thus, there are

actually a group of AFSCs, each of which could be a limiting

factor. Additionally, each subsystem on an aircraft can

require a different AFSC or combination of AFSCs for repair.

For example, a discrepancy in the landing gear subsystem can

require specialists in electrical systems, hydraulics, pneu-

matics, or the physical hardware of the gear itself.

At this level of complexity, an incoming aircraft

can.be depicted as a simultaneous input of several subsystems

to the maintenance function (see Figure 3). Each of these

subsystems goes through a separate process, using the logic

19
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shown in Figure 2, where they compete for the personnel from

the appropriate AFSCs. After all of the subsystems have com-

pleted their maintenance, the aircraft is aggregated as a

whole entity and output from the maintenance function.

Finally, at this level of complexity, the proportion

of discrepancies requiring each maintenance specialist can be

observed, so the assumptions of the universal maintenance man

concept can be tested. Therefore, no further conceptualization

is necessary, and the logic depicted in Figure 3 will be the

logic that is passed to the next phase for analysis and mea-

surement.
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IV Analysis and Measurement

Introduction

Once the logic of the conceptual model has been devel-

oped, that logic must be converted to a mathematical model

which can be computerized. In order to develop the mathemati-

cal model, each element and process in the conceptual model

must be quantified. This chapter deals with the analysis of

those elements and processes and the methods used to quantify

them. From Figure 3 in Chapter III, the logic of the concep-

tual model requires a determination of:

1. Which subsystem must be included in the model?

2. How many discrepancies will be encountered by

each subsystem?

3. Which AFSCs are required to repair those dis-

crepancies?

4. How long does that repair take?

5. Are spare parts required for each discrepancy?

6. What delay, if any, will be incurred while wait-

ing for spare parts?

The answers to some of these questions are dependent

on the scenario for which the model will be used. For

instance, the difference between normal operations and a war-

time scenario might make a large difference in the number of

subsystems required. In wartime, only the critical subsystems

that might prevent safe flight would have to be repaired.

Because of this scenario dependence, the model will be
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developed for a particular scenario. Holck and Ticknor's

simulation of the reinforcement of Europe (Ref 8) was chosen

as an example of the use of the maintenance model developed

in this thesis. The reasons for this choice will be explained

in Chapter VI, but any simulation of airlift capability could

use this approach to modeling the maintenance area.

Holck and Ticknor simulated a wartime scenario, using

aggregate bases. Thus, the model, as developed in this

thesis, will reflect that scenario. Only certain subsystems

will be considered, and the entire maintenance force will be

modeled as if it was positioned at one aggregate base where

maintenance takes place. As will be seen in Chapter VII, this

limited application did not prevent the model from showing the

processes of interest in this thesis. The remainder of this

section will detail the methods used to quantify each of the

questions previously listed.

Determination of Discrepancies Encountered

As previously mentioned, most simulations use univer-

sal maintenance men, so there has been no reason to differen-

tiate between discrepancies encountered in different subsys-

tems. Thus, no distributions of maintenance discrepancies

were available, at the subsystem level. However, Colonel

Christopher Shaw, Chief of the Mobility Branch, Studies and

Analysis, Headquarters USAF, has derived a set of equations

to give the expected number of failures for each subsystem

(Ref 21). His research will be discussed, followed by the
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method used to convert his expected failures to the actual

number of failures encountered.

Colonel Shaw's research was done, primarily, to deter-

mine the number of spare parts required to support the air-

lift fleet. His data deals exclusively with maintenance ac-

tions that require removal and replacement of a part, or

removal, repair, and replacement. These actions represent

the major part of the time consuming maintenance jobs, and

they include all of the jobs that require spare parts. Thus,

his data appears to be applicable to the purpose of this

model.

Most simulations use a constant number of maintenance

actions per flying hour, but this infers that there is a

linear relationship between length of time flown and the num-

ber of maintenance discrepancies (see Figure 4). In other

words, given a constant failure rate per flying hour, three

Failures Failures O

Per 0-1
Hour Implies e

Hours Flown Hours Flown

Fig 4. Inference of Linearity
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times as many discrepancies can be expected on a three hour

flight as a one hour flight. This does not appear to fit

reality, since most crewmembers will hypothesize that the

majority of failures occur during the takeoff or landing

phases of flight, and relatively few failures occur during

cruise.

Colonel Shaw hypothesizes that most failures are cycle

related because of thermal stress. As equipment is turned

on and off, the associated heating and cooling is responsible

for failures. Also, cycling of systems, such as the landing

gear and flaps, puts stress on the individual parts and re-

sults in their failure. Conversely, during cruise, termpera-

tures are relatively constant and systems like the gear and

flaps are not being cycled. As a result, there is a much

lower failure rate during the cruise phase than in the high

stress phases of takeoff and landing (Ref 21). Thus, a long

sortie that spends many hours at cruise would experience less

failures per hour than a short sortie (see Figure 5).

lI
Failures Failures

Per % Implies
Hour m i. .

Hours Flown Hours Flown

Fig 5. Non-Linear Hypothesis
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To validate his hypothesis, Colonel Shaw was the

study director for Saber Sustainer, a study of the relation-

ship between failure rates and length of sorties. The study

concentrated on major subsystems of many different aircraft,

including the C-5. The results for the C-5 were representa-

tive of all the aircraft and will be presented as an example

of a strategic airlift aircraft. A baseline of 12.5 hours

per day utilization rate was established and sortie lengths

of 5 and 10 hours were investigated. The results were very

much as Shaw predicted:

5 hour sortie = 23.3 failures per day

10 hour sortie = 14.3 failures per day

OR

2 times sortie length - 39% fewer failures per day

In addition, approximately 75% of all failures occur during

takeoff and landing (Ref 22). Not surprisingly, this led to

a graph of failures per flight hour against sortie length

(see Figure 6) that is very similar to the hypothesized non-

linear model.

The end result of Shaw's study was to derive a simple

equation for the expected number of failures which reflected

the non-linear nature of the failure rate. Since all sorties

experience the high failure rates of takeoff and landing,

those portions of the flight could be approximated by a con-

stant expected number of failures. Then, the remaining
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Fig 6. Actual Data for the C-5

portion of the flight could be approximated by the relatively

constant rate of failure at cruise. Using regression analy--

sis, Shaw derived the expected number of failures, as a func-

tion of sortie length, in the familiar form (Ref 21):

Y -A + BX

where,

Y - Expected number of failures

A - Constant due to start and stop
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B = Adjusted failure rate

X = Sortie length in hours

The accuracy of these equations was tested by direct

data gathering in the field. Selected aircraft were followed

and specific maintenance discrepancies were tabulated. The

results showed an excellent correlation between failures pre-

dicted by the equations and those actually encountered (Ref

22). Thus, Shaw's non-linear hypothesis was supported by the

Saber Sustainer Study, and his resulting equations appear to

be consistent.

For the purpose of this thesis, Shaw's study results

in a table of parameters, by aircraft type, which can be

inserted into the equation previously given. Table I lists

the parameters for the C-5, and Table II lists the parameters

for the C-141. In both tables, parameters are listed for

each major subsystem, and the two-digit Work Unit Codes (WUC)

(Ref 23 and 24) that identify those subsystems are shown.

With these parameters and the sortie length, the expected

number of failures in any subsystem can be determined. How-

ever, this expected number of failures is an average number

that could be expected over a series of flights of the same

sortie length, and is usually a non-integer number.

In this model, the actual number of discrepancies

encountered, for any given subsystem, must be an integer num-

ber. In the actual system, it is impossible to see one and

a half failures in a subsystem. For this reason, an
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TABLE I

Shaw's Parameters for the C-5

WUC Subsystem A B

11 Airframe .373 .012

12 Cockpit & Fuselage .194 .028

13 Landing Gear .614 .035

14 Flight Controls .074 .018

23 TF-39 Turbofan Engine .253 .096

24 Auxiliary Power Plant .064 .018

41 Air Conditioning & Press. .080 .027

42 Electrical Power Supply .118 .030

44 Lighting System .771 .375

45 Hydraulics and Pneumatics .151 .048

46 Fuel System .111 .012

47 Oxygen System 041 .005

49 Misc. Utilities 061 .020

51 Instruments .122 .049

52 Autopilot .067 .035

55 Malfunction Analysis Equip. .262 .085

61 HF Communications .013 .021

63 UHF Communications .024 .004

64 Interphone .016 .010

65 IFF .003 .004

71 Radio Navigation .060 .016
72 Radar Navigation .138 .063
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TABLE II

Shaw's Parameters for the C-141

WUC Subsystem A B

11 Airframe .0336 .0604

12 Fuselage Compartments .0443 .0451

13 Landing Gear .0317 .0508

14 Flight Controls .0129 .0278

23 TF-33 Engine .0524 .0772

24 Auxiliary Power Plant .0048 .0051

41 Air Conditioning-Press. .0106 .0190

42 Electrical Power Supply .0065 .0070

44 Lighting Systems .0288 .0334

45 Hydraulic Power Supply .0097 .0292

46 Fuel System .0120 .0080

49 Misc. Utilities .0092 .0120

51 Instruments .0218 .0181

52 Automatic Flight Controls .0276 .0253

62 VHF Communications .0050 .0051

63 UHF Communications .0180 .0033

64 Interphone .0007 .0152

65 IFF .0021 .0049

71 Radio Navigation Systems .0486 .0135

72 Radar Navigation Systems .0709 .0266

73 Station Keeping (INS) .0138 .0120
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extension to Shaw's work had to be made. Since time to fail-

ure of individual parts is often exponentially distributed

(Ref 12:8), the numbers of failures would be expected to be

Poisson distributed (Ref 16:31). Therefore, the actual number

of discrepancies encountered should be Poisson distributed,

with the mean of the distribution given by Shaw's equation.

This assumption does not invalidate the regression procedure,

since a normal distribution of the errors is not required

to estimate the regression line (Ref 26:282-285). Thus, the

number of discrepancies for any given subsystem is obtained

as a random variate from a Poisson distribution. The mean of

that distribution is equal to the expected number of discrep-

ancies from Shaw's equation. An example of this process is

shown in Figure 7.

Assume: X = Sortie Length = 10 hours
Subsystem = TF-39 Engine
Aircraft = C-5

From Table I: A = .253

B - .096

Calculation of Expected Number of Discrepancies (Y):

Y = A + BX
Y = .253 + .096(10)
Y = 1.213

Actual Number of Discrepancies

Random Variate Drawn From a Poisson Distribution
With a Mean of 1.213.

Actual Number = 2

Fig 7. Calculation of Number of Discrepancies
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Subsystems in the Model

Since this model is designed for strategic airlift,

only the C-5 and C-141 aircraft are considered. Also, the

use of this model would primarily be in a simulation to de-

termine airlift capability under some wartime scenario.

Therefore, only those subsystems likely to include items on

the wartime Minimum Essential Subsystems List (MESL) are con-

sidered. Of those, only the subsystems with relatively high

probabilities of failure, as determined from Shaw's equations,

were included in the model. The subsystems used in the model

are shown in Table III, with the two-digit work unit code

that identifies each system (Ref 23 and 24).

TABLE III

Subsystems Included in the Model

Work Unit Code Subsystem

1. 11 (both A/C) Airframe

2. 13 (both A/C) Landing Gear

3. 14 (both A/C) Flight Controls

4. 23 (both A/C) Engine

5. 42 (both A/C) Electrical System

6. 45 (both A/C) Hydraulics

7. 46 (both A/C) Fuel System

8. 51 (both A/C) Instruments

9. 72 (both A/C) Radar

10. 55 (C-5) Malfunction Analysis

11. 73 (c-141) Inertial Navigation
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Repair Times

Most simulations use a single distribution from which

they draw all times to repair. Because there may be signifi-

cant differences between subsystems, an attempt was made to

estimate the distributions for each subsystem in the model.

A data b ae, separable by distinct subsystem, was required

to estimate these distributions. Initially the latest six-

month maintenance data tapes from Charleston (C-141s) and

Dover (C-5s) were requested from MAC Headquarters. These

tapes report the maintenance actions as individual observa-

tions, and represent the raw, non-aggregated data required

to accurately determine the distributions. Unfortunately,

due to tape drive problems, those tapes were not available.

As a secondary source, Mr. Charles Begin, ASD/ENESA,

was contacted, and he provided data tapes (Ref 4) that had

been acquired from MAC earlier. One tape covered the period,

January-June 1980, for Dover AFB. It represented 2,214

sorties and 11,652 flying hours for the C-5. The other tape

covered the period, July 1979-June 1980, for Charleston AFB.

It represented 17,953 sorties and 62,773 flying hours for

the C-141. These tapes are base-level, raw maintenance data,

as expected. However, the sheer size of the maintenance data

file, 1200 record blocks for one tape, represented a major

obstacle to useful manipulation. Additionally, the mainte-

nance reporting procedures make the data difficult to use.

Discontinuities in time reporting, unfinished transactions,
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and multiple inputs for a single discrepancy are only a few

of the inherent problems.

In order to get useful information from the tapes,

a different version of the basic data tapes was used, the A-i

tape. The A-1 is a condensed version of the raw data tapes

that has been organized by sorting the raw data tapes with

the Consolidated Data Extraction Program (CDEP). The CDEP

converts the codes on the data tapes to standard AFSCs and

sorts the records by aircraft type. On a second pass through

the data, it consolidates information to eliminate multiple

records on the same job control number. This combines off-

equipment maintenance with on-equipment removals, compacts

times for overlapping or discontinuous work when several

AFSCs are working the same job, and adjusts the crew size

for overlapping times worked by different crews. On the

third pass, the data is arranged by work unit code numbers,

formatted in a job-by-job analysis, and any entries that re-

quired the same combination of AFSCs to work on a subsystem

are aggregated to provide an average time and crew size for

that type of entry (Ref 3).

The A-1 tape is formatted for easy access to infor-

mation. Its principle benefit is that all jobs are reported

as continuous actions, with all unnecessary delays and discon-

tinuities eliminated. Also, multiple entries are combined

and listed as multiple AFSCs working on the same job. Unfor-

tunately, the aggregation of all Jobs using the same AFSCs
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tends to obscure the nature of the underlying distribution

of repair times. This aggregation lumps groups of data points

at their mean value and reports "X" number of occurrences of

the same maintenance time. The result of this grouping is

an inability to test the data against specific distributions.

Statistical tests, such as the Chi-Square test, rely on rela-

tive frequencies of occurrences to test distributions (Ref

15:70), but the grouping of data points in the A-1 tape de-

stroys those relative frequencies. Therefore, some other

method of estimating the distributions had to be used.

In Techniques for Efficient Monte Carlo Simulation,

the Defense Technical Information Center (DTIC) document on

the selection of probability distributions (Ref 12:7), equal

emphasis is placed on quantitative and qualitative informa-

tion. The qualitative aspect includes the extent of a priori

knowledge about the process under consideration. In that

same document, the authors state that maintainability theory

provides a strong likelihood that repair times would be log-

normal or gamma distributed (Ref 12:8). To support this hy-

pothesis, a graphical analysis of the characteristic shapes

of the distribution of maintenance times was performed. The

observations for each subsystem were input to the Statisti-

cal Package for the Social Sciences (SPSS) Subprogram Fre-

quencies (Ref 14:194), to get a plot of the frequency distri-

bution in a histogram. Two representative plots of these

frequencies are shown in Figures 8 and 9. Work Unit Code
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CODE
I

I. ******************(449)
I
I

2, ******************** (785)

I
I

3. ************* (242)
I

4. ******* (128)

5. **** (59)
I
I

6. ** (15)
I
I

7. * (6)
I
I

8. ** (11)
I
I

9. * (4)
I
I

10. ** (17)
I
I
I....... ,.0.1...... °,1...... ° ...,°.,° ..1....... °,I1

0 200 400 600 800 1000
FREQUENCY

Fig 8. Frequencies of Repair Times, WUC 14
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CODE
I

1. *************************************** (146)
I
I

2. ****************(120)
I
I

3. ************************** (99)
I
I

4. ************************* (95)
I
I

5. ********* (30)
I
I

6. ** (2)
I
I

7. ** (5)
I
I

8. ** (5)
I
I

9. ** (2)
I
I

10. ******* (22)
I
I

0 40 80 120 160 200
FREQUENCY

Fig 9. Frequencies of Repair Times, WUC 11
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(WUC) 23, in Figure 8, represents the time to repair engine

malfunctions for C-5s, and it displays the typical shape that

could be either gamma or lognormal. WUC 11, in Figure 9,

represents C-5 airframe repair times, and it appears to

approach an exponential curve, a special case of the gamma.

Since the gamma distribution is more flexible, using shape

parameters, it was selected as the representative distribution.

The mean and variance of the sample data were used

as estimates for the mean and variance of the underlying dis-

tributions, and the following equations were used to estimate

the gamma parameters (Ref 26:132):

1 MB and a2

Thus, each subsystem has its own distribution of repair times.

All are gamma distributed, but the shape parameters are dif-

ferent for each subsystem. These are only estimates of the

repair time distributions, based on estimates from the re-

ported data and established knowledge of maintainability

theory. However, they should be more representative of actual

repair times than drawing from a single tabular distribution

of historical repair times.

Specialty Codes Required

The A-i data tapes (Ref 4) gave an excellent descrip-

tion of the AFSCs required for repair of each subsystem. A

program was written to extract, by aircraft and subsystem, all

of the APSCs that had worked oft each particular subsystem.
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Also, the total number of times that each AFSC was required,

divided by the total of all jobs on that subsystem, yielded

the percentage of jobs that required each AFSC. The listing

of the subsystems and required AFSCs, plus the percentage of

jobs that required those AFSCs, is fairly extensive.

By disregarding any AFSC that did not account for at

least 4.9 percent of the total jobs, only thirteen AFSCs

were represented. The reason for dropping the lower percent-

age AFSCs is obvious. If they are only used to that small a

degree, there is almost no chance that they could be a limit-

ing factor in the manning scheme. Those AFSCs will not be

modeled, but the jobs will be accomplished, as if there were

an infinite number of those maintenance men available. Like-

wise, the 431P2 and 431X2 AFSCs were dropped from the model

because their manning levels were so high, they could allocate

a maintenance team to every aircraft in the MAC fleet. Also,

these AFSCs are the flight line crew chiefs and the isochronal

dock general aircraft maintenance men. Their specialties do

not represent the specific type of maintenance of interest

in this study, since they do very general maintenance tasks.

With the exclusion of these AFSCs only eleven AFSCs

were of interest in the model. The percentage of total jobs,

on each subsystem, requiring each AFSC is depicted in Table

IV. These percentages do not add to 100 percent for each

subsystem because of the jobs that will be done by AFSCs not

modeled. Once the type of maintenance specialties required
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was determined, the next step was to determine the number of

effective maintenance teams in each of those specialties.

Senior Master Sergeant George Scarborough (Ref 18)

obtained all of the manning data used here. He has extensive

experience working with the Logistics Composite Model (LCOM),

and he has recently been working with the M-14 simulation.

All of the figures, quoted here, are used as standard inputs

to LCOM or are standard Air Force planning factors. As a

baseline figure, the current manning authorizations for each

AFSC were used. Throughout maintenance, only 75 to 80 per-

cent of the authorized slots are currently manned. Optimis-

tically, this study assumes that 80 percent of the authoriza-

tions are manned.

In order to use the manning in the model, the manning

figures had to be converted to effective maintenance teams.

The Air Force Maintenance and Supply Management Engineering

Team estimates that 82 percent of available man-hours are

effective, so this model used 82 percent of the available

manning as productive manning. Then, the productive manning

levels were divided into two shifts, and further divided into

2.5 men teams. The team size is an average of all the teams

represented on the A-i data tape. The final figure repre-

sents the number of effective teams that will be available

at any given time. Table V shows the numbers and process

used in deriving these teams.
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TABLE V

Conversion of Manning Slots to Effective Teams

Auth. Manned Prod. Men/

AFSC Slots Slots Slots Shift Teams

431R2 564 451 370 185 74

431W2 140 112 92 46 18

423X0 329 263 216 108 43

423X4 438 350 287 143 57

426X2 1471 1177 965 482 193

423X1 347 278 228 114 46

423X3 215 172 141 70 28

325X1 341 273 224 112 45

325X0 283 226 186 93 37

328XI 372 298 244 122 49

328X4 275 220 180 90 36

(slots) (x.8) (x.82) (x.5) (x.4)
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Supply Requirements

Unlike the number of discrepancies and repair times,

the time required for off-base supply has been investigated

previously. Holck and Ticknor used data, supplied by MAC,

to derive a tabular distribution for supply times (Ref 8:38).

This is a single distribution for all spare parts, and it

may or may not be accurate for a detailed study of the supply

function. However, this study concentrates solely on the

effects of manning. Since the probability of requiring spare

parts, and the associated supply delay time, determine whether

the maintenance men can complete a job or have to wait for

the spare parts to arrive, this distribution directly affects

the pattern of manning utilization.

As will be discussed in detail in the experimental

design section, this maintenance model is substituted into

Holck and Ticknor's simulation, and manning is tested for

its effect on the overall airlift system. If the supply dis-

tribution is also changed, the effect of different manning

levels would be confounded with the effect of a different

supply distribution. Conversely, if the supply distribution

is not changed, any difference in the significance of manning

would be directly attributable to the manning model. There-

fore, this model will use the same distribution of supply

times as Holck and Ticknor used.

Summary

This chapter identified the elements of the conceptual
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model that required quantification, so that a mathematical

model of the maintenance system could be developed. The re-

quirement to model at the subsystem and discrete AFSC levels

prevented the use of previously derived distributions of num-

bers of discrepancies and repair times. Shaw's equations are

used to determine the discrepancies encountered, based on

sortie length. Repair times are drawn from distributions that

are estimated for each subsystem. Every subsystem, on each

aircraft, could be modeled in this manner, but only the ten

most critical subsystems, on the C-141 and C-5, are included

in this model. This tailors the model to a wartime scenario

and keeps the model small enough for ease of computerization,

without sacrificing the detail required for investigation of

the inner processes in the maintenance function. The mainte-

nance force was separated into effective maintenance teams

available, by AFSC, and the probabilities of using each AFSC

were estimated by analysis of historical data. Finally, the

supply requirements are modeled exactly as previously derived

in Holck and Ticknor's simulation. With a mathematical repre-

sentation of these elements, the model is ready to be com-

puterized, and that process is the subject of the next chap-

ter.
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V Computerization

Introduction

Since mathematical notation is the basic language of

the computer, translating the mathematical model of the pre-

vious section into a computer-consumable product is the next

logical step in the simulation process (Ref 20:302). The

particular computer language, selected for this translation

process, determines the ease with which the translation is

made and how well the structure and logic of the system can

be represented in the computer program. This chapter details

selection of the computer language, the general approach

taken in developing the model, the specific form of the model,

and verification of the model. As a whole, this chapter is

a description of the tool, in the form of a computer model,

used to analyze the maintenance system.

Language

A special purpose simulation language has the advan-

tage of incorporating the common functions associated with

describing a system. Creation of random numbers and var-

ates, mechanisms for time advancement, formatted data output,

and debugging mechanisms are only a few of the features built

into a special purpose language for ease of programming (Ref

20:107). SLAM, Simulation Language for Alternative Modeling,

(Ref 16) was chosen to model the maintenance system because

of its flexibility and the usefulness of its built-in functions.
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The network portion of SLAM easily models the queuing

situation found in the allocation of maintenance resources to

aircraft. Additionally, the symbolic representations of the

SLAM network (Ref 16:130) provide a visual representation of

the logic of the flow through the maintenance system. Reli-

able random number generators support the requirement for con-

ditional branching, and verified random variate generators

can provide the repair times. SLAM's clock mechanism can

handle either the discrete event orientation or continuous

flow. Very importantly, the built-in statistical analysis

and output formats allow easy interpretation of the flow pro-

cessses, one of the primary objectives of this study. Finally,

the trace option is an invaluable tool in the verification and

debugging processes (Ref 16).

SLAM Terminology

SLAM provides a framework, the network structure of

nodes and branches, for modeling the flow of entities through

a sequence of events, activities, and decisions (Ref 16).

This section describes the individual network symbols used

to describe the maintenance system in this thesis. The des-

criptions are brief and only meant to give the reader, who

may be unfamiliar with SLAM, a general understanding of the

network symbols and their functions.

Attribute. Attributes are values assigned to indi-

vidual entities. These values are carried through the network
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to distinguish each individual entity. For example, the

time that an entity entered the network can be carried as an

attribute, often referred to as the mark time. Also, arbi-

trary numerical values can be assigned to designate an entity

as a specific type. A C-141 might arbitrarily be designated

by placing a vlue of one in an attribute, to distinguish it

from a C-5 that would have a value of two in the same attri-

bute.

Resource. Situations arise where an entity requires

some item, servers or equipment, that must be carried through

a portion of the network. These items are designated as re-

sources and are put into the model in limited quantities.

Activity. Activities are the actual paths over which

the entities move. They are the only place that explicit

time delays occur, such as the time delay while maintenance

is being accomplished. There does not have to be a time

* delay associated with an activity, but each activity must

have a beginning and an ending node. Thus, the nodes repre-

* Isent a point of interest where an activity is starting or

has just ended. Additionally, several activities can emanate

from a single node, representing branching. One of three

situations can be depicted with branching. First, all branches

can be taken by duplicating the entity and routing one of the

entities along each of the branches. Second, a probability

can be assigned to each of the branches and the path of the
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entity will be determined probabilistically. Finally, condi-

tions can be specified for each of the branches. Then, when

an entity arrives, a duplicate of the entity will take each

branch for which the condition is satisfied.

GOON Node. The GO ON or GOON node accomplishes no

particular function, other than providing a break point

between sequential activities. It is most often used as the

point to begin branching, after some other activity.

Assign Node. The Assign node is used to assign values

to the attributes of the entity passing through the node or

to assign values to system variables. Attributes have already

been discussed, and system variables are designated by XX(I),

where I is an integer. The system variables are similar to

any designated variable in FORTRAN, but they can be used in

the network, a function, or a subroutine.

Await Node. Await nodes are used to assign resources

to the entities that pass through the node. If resources

are available, they are assigned to the entity and it con-

tinues through the network. If all resources are being used,

the entity waits at the node until resources become avail-

able. Then, the resources are assigned and the entity con-

tinues through the network.

Free Node. The free node is used to take resources

from an entity and make them available for assignment to the

next entity at an await node.
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Queue Node. Queue nodes represent the waiting lines

for service. Normally, an entity will enter a queue node

and wait there until some server, in a following activity,

is available. However, in this model, the queues are used

as simple waiting lines, controlled by a match node. There

are no service activities following the queues.

Match Node. The match node controls several queues.

It follows the queues, in the network, and searches the enti-

ties waiting in the queues for particular values of a desig-

nated attribute. When every queue that is controlled by the

match node has an entity with that particular value in its

designated attribute, all of those entities are allowed to

proceed in the network.

Accumulate Node. The accumulate node releases one

entity to proceed in the network, when a prescribed number

of entities have arrived to it. It is used in this thesis

to combine the subsystems of an aircraft, when they are

matched by the match node, into a single aircraft.

Event Node. The event node allows the modeler to

design a function not specifically included in any of the

other SLAM nodes. The arrival of an entity at an event

node causes subroutine EVENT to be called. This is a FOR-

TRAN subroutine that supplements the SLAM network by allow-

ing the modeler to include extensive mathematical equations

or perform some logic not provided by any other node. The
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attributes of the entity can be changed in the subroutine,

and when the subroutine has run, the entity continues in the

network.

Function USERF. The USERF function is a user-defined

FORTRAN function. It can be called from the network or a sub-

routine, and it returns a single value stored in the memory

location called USERF.

These descriptions are not complete and do not repre-

sent all of the capabilities of the SLAM network, but they

should suffice to acquaint a casual reader with the termi-

nology used in the description of the model. The full cap-

abilities of the SLAM language were not exercised in this

model, so only the appropriate parts were discussed. For a

more detailed explanation, the reader is referred to Introduc-

tion to Simulation and Slam (Ref 16).

General Approach
The flexibility of the SLAM language allows the system

to be modeled as a network, within which, the event nodes

are used to model the complex operations not provided by any

other SLAM node (Ref 16:316). Thus, determination of numbers

of discrepancies, using Shaw's equations, can take place

within an event. As mentioned before, supply times are deter-

mined in a FORTRAN function, so any other distribution could

easily be substituted. Both of these functions occur within

an event node so an entity leaves that single node with all

the information required in the maintenance network.
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By determining all the requirements in an event, the

rest of the network can directly model the logic of the flow

through maintenance. As will be shown, the network presents

a one-for-one matching of network portions with the logic

steps developed in the conceptual model. This approach makes

it easier to follow the logic in the model and should increase

confidence in the fact that the computer model accurately

reflects the conceptual model.

As a useful tool, this model of maintenance is de-

signed to be incorporated into a larger simulation of stra-

tegic airlift, acting as an input-output system. Thus, the

basic model begins at a single node in a network, where

an aircraft arrives as the input to the maintenance model.

The output is also a single node where the mission-ready

aircraft will depart the maintenance system. However, for

the development and initial testing of the model, an arti-

ficial input and output were designed.

Appendix A lists the SLAM statements and FORTRAN

code that make up the actual computer model. Since the main-

tenance model is to be used in a larger simulation of the

airlift system, some of the information required by the main-

tenance model would have normally been generated in other

portions of the airlift system.. A unique mark time in attri-

bute 1, a numerical designator for type of aircraft in attri-

bute 2, and the sortie lengths for the outbound and return

sorties in attributes 3 and 4, respectively, are provided in

the basic model, in lines 3650 to 3730. These four pieces
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of information are the only requirements for processing in

the maintenance model. Additionally, an aircraft leaving

maintenance would normally return to the airlift system,

but, in the basic model, statistics are collected and the

entity is terminated in lines 6210 to 6230.

Events

An aircraft enters the maintenance system at the node

labeled GO1, line 3740. The breakdown to ten separate sub-

systems (see Figure 10) is represented by routing entities

along all ten branches, lines 3750 to 3840, to the event

nodes. All ten of the events are identical, except for the

parameters Xl, X2, Yl, and Y2 (see Appendix A: lines 430-

2360). Attribute 5 is set equal to the event number to

identify each subsystem, the parameters are set, and the

entity proceeds to line number 2420, where the computations

begin. Xl and X2 are the "A" and "B" of Shaw's equations

and are used in line 2420, with the outbound sortie length,

to get the expected number of failures on that sortie. Then,

the expected number of failures is used as the mean of a

Poisson distribution, line 2470, to get the actual number of

failures. This process is repeated for the return sortie in

lines 2510 to 2560, to get the total number of failures in a

subsystem.

If no failures occur, attribute 3, maintenance time,

and attribute 4, supply time, are both set to zero (lines

2600-2630). If any failures occurred, a maintenance time
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is taken as a random variate from a gamma distribution with

parameters Y1 and Y2, at line 2700. Lines 2740-2770 adjust

that maintenance time for multiple failures. Only one main-

tenance team will be assigned to each subsystem, so more

time will be taken as the number of failed parts increase.

There is no data available for the effect of this assumption,

so the time increase factors are arbitrary. They represent

the assumption that troubleshooting and actual repair time

will increase, as the number of failed parts increase. After

four components, any more will require negligible time, since

a large portion of the subsystem would be dismantled to re-

place four components.

If any components failed, a call is made to the supply

user function, and the supply delay is returned at line 2810.

This delay time represents the off-base supply action. Since

parts would have to be ordered and delivered, not all of the

maintenance time can be accomplished at once. Thus, if there

is a supply delay, the maintenance time is divided in half,

line 2870. When the subsystem returns to the network por-

tion of the model, it will be assigned personnel and go

through a maintenance activity two separate times. The first

time through, half of the original maintenance time will be

spent simulating the troubleshooting and removal of the bad

part. Then the supply delay occurs, and the second time

through maintenance represents the last half of the original

maintenance time, to replace and test the part.
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Supply Function

The supply function, as discussed previously, is

derived from historical data. It consists of a separate,

tabular distribution for each aircraft, lines 3100-3450.

However, lines 3050 and 3060 are included as control state-

ments. On line 3050, only a fixed percentage of candidates

are given a supply delay. This percentage is set, in the

model, at 25 percent, and it represents the analyst's best

estimate of the Not Mission Capable due to Supply (NMSC)

rate. The other control feature, line 3060, allows the ana-

lyst to set a time, before which supply will not be a factor.

This represents the use of war reserve material, stockpiled

on the base, and the analyst must estimate how long those

supplies will last. Regardless, the end result is that the

supply delay, zero or greater, is returned to the event that

called the user function.

Network

Once the entity completes an event, the subsystem has

its maintenance time set in attribute 3 and its supply time

in attribute 4. The portion of the network, between event

node and a queue, makes the logic decisions of the conceptual

model. As each subsystem departs its event, it follows one

of three paths. If there were no discrepancies, maintenance

time is zero, and the subsystem proceeds directly to its

appropriate queue to wait for completion of maintenance on all

ten subsystems. Otherwise, if the aircraft is a C-141, it
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goes to the first GOON node listed; and if it is a C-5, it

goes to the second GOON node (see Figure 10).

At these GOON nodes, all of the subsystems follow

the same pattern of logic, so only the first subsystem, that

went through Event 1, will be shown. Lines 3860-3880 of Appen-

dix A show the conditional branching to the GOON nodes or the

queue. An expanded view of this process, for Event 1, is

shown in Figure 11. At G02, a probabilistic decision deter-

mines the AFSC required to fix the discrepancy on a C-141.

The probabilities come form Table IV in Chapter IV, and AWl

and AW4 represent the await nodes where the AFSCs are allo-

cated to the subsystems. The branch going to G022 represents

the case when an AFSC that has not been modeled is required.

Since an infinite resource of those AFSCs is assumed, the

await nodes are bypassed and maintenance takes place on the

way to G022. The code for these decisions is on lines 3890-

3920. Likewise, the decisions for a C-5 are represented on

lines 3930-3970.

Since all of the maintenance resource sub-networks

are exactly the same, except for the particular AFSC being

used, only the sub-network using 431R2 AFSC will be explained.

This portion of the network is shown in Figure 12, and it

corresponds to lines 5170-5230 in Appendix A. When any one

of the subsystems determines that it needs a flight controls

specialist, the subsystem is sent to the await node, AWl.

If there is a maintenance team available, maintenance begins
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and proceeds for the time specified in attribute 3. Then,

the team is freed, and if there was no supply delay, the

subsystem goes to G022. If there was a supply delay, the

maintenance is only half completed. The supply delay occurs,

and supply time is set to zero at the assignment node, thus

preventing the subsystem from continuing in an infinite loop.

The subsystem goes back to have a maintenance team allocated

again, goes through the second half of its maintenance, frees

the personnel, and goes to G022.

All of the resource sub-networks follow the same pat-

tern; so, unless a subsystem had no maintenance and went

directly to its queue, all of them eventually get to G022.

Figure 13 shows the possible paths to this point, for a sub-

system going through Event 1. A subsystem, arriving at G022,

could have come from one of the resource sub-networks or

directly from an event, if no modeled resources were needed.

If the subsystem came from a sub-network, any supply delay will

have already been incurred, so the subsystem is routed directly

to G023 (see Figure 14). If it came from an event and had a

supply delay, that delay plus the second half of its mainte-

nance are accounted for on the way to G023. This logic is

listed in lines 5940-5970 of Appendix A.

Departing G023, only one branch is taken, with the

conditional branching depending on the value in attribute 5.

That value was set equal to the event number, so each sub-

system arrives at its appropriate queue (lines 5980-6170).
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When all ten subsystems have completed maintenance, the match

node matches the mark times of the ten subsystems and sends

them to the accumulate node (line 6180). At line 6200, the

ten subsystems are reassembled into a single entity, and the

mission-ready aircraft departs the maintenance system.

Verification

The model, as represented in Appendix A, was verified

through the use of the trace option in SLAM (Ref 16:156).

The traces provide a detailed output of the step-by-step

process of running the simulation. Every possible path

through the network was followed, to ensure that the logic

and execution were correct. The computer program does exe-

cute as the logic was intended. All conditional branching,

matching, and accumulation work as planned. In addition,

the validity of the probabilistic branching and random variate

generators has been previously established for the SLAM pro-

gram. Thus, this model is an accurate translation of the

conceptual and mathematical models.

Summary

SLAM offers a simulation language that is almost

perfectly suited to translate the mathematical model of

Chapter IV into a computer model. The program, as translated,

was presented with the coding in Appendix A and the symbols

shown throughout this chapter. As demonstrated, the symbolic

representation of the model duplicates the logic presented in
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Chapter III, and the built-in functions of SLAM allow easy

translation of the mathematical processes. The trace option

allows thorough testing to ensure that the program functions

as was intended. As a result, the computer model now repre-

sents a useful tool with which to continue this study of the

maintenance system. The next chapter describes the manner

in which this tool was applied to conduct this investigation.
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VI Experimental Design

Introduction

The computer model is a tool and nothing more. Al-

though the development of the computer model was the first

objective of this thesis, the other three objectives are

equally important. In order to test the implicit assumptions

of the universal maintenance man concept and determine the

significance of maintenance manning on the airlift system,

the model is used in place of the actual system. By experi-

menting with the model and analyzing the results, some infer-

ences about the actual system can be drawn. This chapter

explains the design features incorporated into the computer

model to aid in investigating the assumptions of the universal

maintenance man concept, as well as the experiments designed

to test those assumptions. Each of the last objectives of

the thesis is discussed, in turn. The experiments for each

objective are developed, and the results of the experiments

are analyzed. Finally, the methods of variance reduction,

incorporated into the model, are explained.

Proportionality

As Shannon suggests, the role of experimental design

comes into play in both the planning and execution stages of

model development (Ref 20:149). With a well planned idea

of the experiments to be conducted, the model can be devel-

oped specifically to output appropriate statistics and to make
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the execution of the experimental design more efficient.

Although this chapter follows the development of the computer

model in this thesis, the experimental design was an impor-

tant input in planning the development of the computer model.

One example of this prior planning is the ability to

analyze the pattern of manpower utilization in maintenance.

Since the universal maintenance man concept implicitly assumes

that the manpower will be used in exact proportion to the

established manning levels of the specialists, this assump-

tion can be tested by direct reference to utilization sta-

tistics. By modeling each AFSC as a separate resource, con-

trolled by an await node, SLAM provides statistics on the

utilization of each AFSC and any delays due to the non-

availability of any AFSC (Ref 16:159-161). Thus, on any run

of the model, these statistics can be observed. If the

implicit assumption is realistic, those statistics should

show approximately equal utilization of each AFSC and no

delays until nearly 100 percent of the maintenance force is

being used.

SLAM outputs the actual number of resources used (Ref

16:161), and those numbers fluctuated from run to run. How-

ever, when converted to percentages of resource capacity,

none of the runs ever approached an equal distribution of

requirements. Table VI shows the percent utilization of each

APSC, as a representative sample of a run of the model. These

are percentages of the number of teams available, for each
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TABLE VI

Percent Utilization of AFSCs

AFSC Average Maximum

431R2 7% 28%

431W2 23% 100%

423X0 12% 49%

423X4 17% 75%

426X2 3% 13%

423X1 1% 9%

423X3 4% 32%

325X1 21% 89%

325X0 2% 214%

328X1 10% 49%

328X4 9% 75%
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AFSC, and they show a wide disparity in useage. The average

values vary from one percent to 23 percent, and the maximums

vary from nine percent to 100 percent. These figures sug-

gest that maintenance manpower is not used in exact propor-

tion to the established manning levels of the specialists.

Actually, the useage is very much disproportional.

100 Percent Utilization

As seen in Table VI, the initial runs of the model

did not produce 100 percent utilization of the entire main-

tenance force. At the maximum, only one of the 11 AFSCs

was fully utilized. Since the universal maintenance man

concept requires all of the maintenance force to be busy

before any delays occur, it is important to determine whether

full utilization is feasible. The fact that 100 percent

utilization did not occur in the initial runs of the model

does not prove that it cannot occur. A slightly different

pattern of aircraft arrivals might change the pattern of

determining numbers of discrepancies and the associated AFSCs

required to fix them, and 100 percent utilization could re-

sult.

In order to test the possibility of full utilization

of the maintenance force, an experiment was designed to try

to force maximum use of the maintenance force. The model

was artificially set up to introduce a constant stream of

aircraft, at very close time intervals, into the maintenance

system. A total of 350 aircraft, more than the current total
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number of strategic airlift aircraft, were input to the model.

As soon as the aircraft completed maintenance, they were routed

back to the input node with a new set of input parameters.

Three separate runs, with different seeds, were made in an

attempt to saturate the maintenance model and force 100 per-

cent utilization. Using different seeds, resulting in dif-

ferent random number streams, decreased the possibility that

a non-representative outcome would be reported. However, the

results were essentially the same for all three runs, and

only one run will be presented here.

At the end of 120 hours of simulation time, the land-

ing gear and instrument specialists were all working. The

landing gear specialists, 431W2, had 66 subsystems waiting

in their queue; and the instruments specialists, 325X1, had

179 subsystems in their queue. No other specialists were

experiencing any backlog of jobs. The percentage utilization

of each AFSC is presented in Table VII. Even at this unrea-

listically high demand rate, 100 percent utilization of the

maintenance force is not achieved. The AFSCs in high demand

tend to stop the flow of aircraft, before full utilization of

the other AFSCs can be attained.

This result implies that 100 percent utilization of

the maintenance force is not feasible, but it is still not

conclusive proof. However, if full utilization cannot be

attained under these unrealistic conditions, the possibility

of it being attained under normal conditions is very small.
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TABLE VII

-Percent Utilization of AFSCs, Maximum Effort

AFSC Average Maximum

431R2 35% 82%

431W2 99% 100%

423X0 40% 100%

423X4 91% 100%

426X2 14% 37%

423XI 4% 11%

423X3 16% 43%

325X1 99% 100%

325X0 12% 41%

328XI 53% 100%

328X4 55% 100%
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Thus, any simulation that requires 100 percent utilization

be' re any delays occur, such as the case when universal

maintenance men are used, would not correctly reflect the

maintenance system.

Significance of Maintenance Manning

The last objective of this thesis is to determine the

significance of maintenance manning on the airlift system.

Since the implicit assumptions of the universal maintenance

man concept do not realistically represent the actual main-

tenance system, the effects of maintenance manning may have

been incorrectly assessed in previous simulations that used

universal maintenance men. With the maintenance model,

developed in this thesis, included in a simulation of the

airlift system, a more accurate assessment of the effects

of maintenance manning can be made. This section details

the selection of an appropriate simulation of the airlift

system within which the effects of the maintenance model

could be tested, and the experimental design and results of

that test are discussed.

The best and most meaningful experimentation would

come from including this model in a large simulation, like

M-14, that repre~sented a network of bases. This would allow

the maintenance force to be dispersed and the ripple effects,

through the bases, could be analyzed. However, M-14 is not

yet developed and debugged to the point where anything but

unlimited maintenance resources have been used. Thus, it is

70



not possible to conduct a large-scale experiment with multi-

ple bases. However, Holck and Ticknor developed a simulation

of airlift capability (Ref 8), and their doubts about the

validity of the maintenance portion of their model partially

prompted this investigation of the universal maintenance man

concept.

In their simulation, Holck and Ticknor modeled the

resupply of Europe, using aggregate bases in the United States

and Europe. In early runs of their model, only 65 percent

of the maintenance force was ever used at one time, and since

they used universal maintenance men, no delays were ever

seen. Thus, manning had no effect on their measure of air-

lift capability, total tons delivered in 30 days. Using a

2k - p fractional design, they determined that time to zero War

Reserve Material (WRM) and the number of aircraft available

were the only statistically significant factors in their

model. Additionally, resupply time appeared to have some

influence (Ref 8:74).

Since Holck and Ticknor did use universal maintenance

men, did not find maintenance manning significant, and did

not think that the results of the maintenance portion of

their model were realistic, their simulation was chosen to

test the maintenance model developed in this thesis. By sub-

stituting this maintenance model for the maintenance portion

of their model, without changing any other part of their

model, any difference in the outputs would be directly
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attributable to the more detailed modeling of maintenance

manning. As previously mentioned, the distribution of resup-

ply times, used in this thesis model, was taken directly

from Holck and Ticknor's simulation. Thus, any changes in

outputs would not be due to a different resupply distribu-

tion. Again, this was done to isolate only the effects of

maintenance manning.

Holck and Ticknor's simulation, with the maintenance

model developed in this thesis substituted for their main-

tenance portion, is listed in Appendix B. In a simulation

of the entire airlift system, there are many factors that

might have a significant effect on the capability of the air-

lift fleet to deliver cargo. However, Holck and Ticknor

determined that, in their model, only three factors were sig-

nificant. This study is particularly concerned with the

effect of a fourth factor, maintenance manning. Thus, only

four factors were tested in the experimental design. Each

factor, number of aircraft, time to zero WRM, resupply time,

and maintenance manning levels, was initially set at the level

expected for the scenario. Then, each factor was changed to

a second experimental level to determine the effect of such

changes.

Again, to keep the conditions of this experiment as

close as possible to Holck and Ticknor's original experiment,

their initial and experimental levels were used for number

of aircraft, time to zero WRM, and resupply time. Initially,
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176 C-141s were used, and the experimental level was changed

to 229, representing the increased capacity of the stretched

C-141B. The initial resupply times, reflected in lines 5550

to 5970 of Appendix B, were experimentally reduced by 23 per-

cent to represent the expected slowdown in supply channels

during wartime. Finally, the time to deplete the stock of

WRM was initially determined to be 12 days. The experimental

level was set at 24 days, reflecting a buildup of preposi-

tioned supplies (Ref 8).

Since manning is the only factor not previously

tested, the levels used will be explained. The initial

level is the structure as derived in Chapter IV (see Table

V). This structure represents the maximum number of effec-

tive maintenance teams currently available. For testing

purposes, the alternate level was established as 90 percent

of the initial teams available. This ten percent reduction

is realistic, because not all of the strategic airlift air-

craft are used in Holck and Ticknor's simulation. Some

aircraft are dedicated to previously committed missions,

and a portion of the maintenance men would be used to sup-

port those missions. Also, the number of effective teams

available is directly related to current manning levels,

which fluctuate with recruiting effectiveness.

In order to determine the effects and interactions

of these changes, a 24 full factorial design (Ref 16:164)

was required. Each distinct combination of initial and

73



changed levels of the four factors was run twice, with dif-

ferent random number streams, so a total of 32 runs of the

simulation were made. The data from these runs was analyzed

by a four-way ANOVA using SPSS (Ref 14:410). Holck and Tick-

nor had demonstrated that three-way and higher interactions

were negligible, so only the main and two-way interactions

were analyzed.

Table VIII shows the results of the experimental runs

of the simulation. Under the factors, a "-" represents the

initial level of the factor, and a "+" represents the experi-
'4

mental level. The sixteen runs represent the 2 full facto-

rial design, and each combination of levels gave two obser-

vations, the normal and antithetic runs. The first observa-

tion used a normal random number stream, and the antithetic

run used a stream that consisted of the complements of the

normal random numbers (1 - normal random number) (Ref 16:150).

The effect of this antithetic sampling will be discussed

later in this chapter under variance reduction. The measure

of effectiveness, in the model, was thousands of tons of

cargo delivered, and the outcomes are listed for each run.

These results were input to SPSS and the four-way

ANOVA was run. Table IX shows the results of that ANOVA.

As can be seen by the very small F-value, changing the man-

ning level had very little effect on the output of the air-

lift system. This is not a result of not having delays due

to manning. Delays were shown on all of the runs using
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TABLE VIII

Results of Experimental Runs

FACTORS

War
Re serve Normal Anti

Run Material Aircraft Supply Maint Seed Seed

1 - - 126.8 132.2

2 - + - - 150.9 152.1

3 - + + - 158.5 161.7

4 - + + + 158.2 159.5

5 + + + + 183.3 185.7

6 - - - + 126.9 132.2

7 - - + + 134.7 137.2

8 + - + + 158.7 160.7

9 - - + - 134.3 137.2

10 + - + - 156.9 160.7

11 + + + - 183.9 186.9

12 - + - + 148.7 153.7

13 + + - + 182.0 185.6

14 + - - - 156.7 160.0

15 + + - - 183.2 186.5

16 + - - + 157.1 160.0
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TABLE IX

ANOVA Results

Source of Sum of Mean Signif
Variation Squares DF Square F of F

Main Effects 10969.061 4 2742.265 598.754 .001

WRM 6135.550 1 6135.550 1339.653 .001

C-141 4706.925 1 4706.925 1027.723 .001

Resupply 126.000 1 126.000 27.513 .001

Maint .578 1 .578 .126 .726

2-Way Interactions 107.869 6 17.978 3.925 .009

WRM C-141 18.758 1 18.753 4.096 .056

WRM Resupply 84.825 1 84.825 10.521 .001

WRM Maint .025 1 .025 .006 .941

C-141 Resupply 1.320 1 1.320 .288 .597

C-141 Maint 2.940 1 2.940 .642 .432

Resupply Maint .000 1 .000 .000 .993

Explained 11076.931 10 1107.693 241.857 .001

Residual 96.179 21 4.580

Total 11173.110 31 360.423
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regular seeds, and nine of the antithetic runs also showed

some delays. Apparently, in this model, these delays do not

cause enough disruption of the system to significantly affect

the outcome.

Variance Reduction

The simulation model, as listed in Appendix B, uses

the built-in features for variance reduction in SLAM. The

paired smaples for the experimental design were obtained

using antithetic sampling, as SLAM suggests (Ref 16:485).

The first observation was obtained using normal seeds for the

random number generators. The second observation, however,

used the antithetic seeds, including a negative correlation

between the observations. This process is initiated by spe-

cifying a negative initial seed value in SLAM, and it seems

to be an effective method of variance reduction (Ref 16:485).

Both Holck and Ticknor's model and the maintenance

model can incorporate another feature for variance reduc-

tion, correlated sampling. Each of the random number streams,

provided by SLAM, is used exclusively for one purpose. In

other words, every call to a random variate generator or a

random number generator uses a different stream. By speci-

fying the same seeds for different runs, the same series of

events can be introduced to both runs. However, the use of

both antithetic sampling and common streams can increase the

variance, so extreme care must be used if both techniques

are utilized (Ref 16:487).
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Summary

The experimental design used in this thesis was con-

sidered early in the development of the maintenance model

to structure the output statistics and the inputs to the

model. Using the model as a tool, specific tests were

developed to satisfy each of the objectives of this study.

Both the basic model, Appendix A, and Holck and Ticknor's

simulation with this maintenance model included, Appendix B,

were used in those tests. The results of those tests do

not support the implicit assumptions of the universal main-

tenance man concept; and in a simulation that uses aggre-

gated bases, maintenance manning levels do not appear to be

statistically significant to airlift capability. The con-

clusions and recommendations, resulting from these findings,

will be presented in the next chapter.
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VII Conclusions and Recommendations

The primary goal of this thesis was the investiga-

tion of the implicit assumptions of the universal maintenance

man concept. In order to conduct this investigation, a great

deal of effort was expended in developing a more detailed

model of the maintenance system so the internal processes

could be analyzed. The model is not a complete and universally

acceptable representation of the maintenance system, but it

is offered as an approach to modeling and a general guide to

methodology. The model does suffice as a tool for investi-

gation of the nature of the internal processes in mainte-

nance, and those processes are the basis of the implicit

assumptions of the universal maintenance man concept.

Conclusions

The results of this study are clear enough to draw

several conclusions. First, the maintenance system does not

operate in a manner that supports the implicit assumptions of

the universal maintenance man concept. Discrepancies do not

occur in proportion to the numbers of maintenance specialists

capable of repairing them. Also, 100 percent utilization of

the maintenance force does not appear to be feasible.

If maintenance manning is to be modeled, in a simu-

lation that requires details if the maintenance process, the

approach used in this thesis will provide sufficient details

of manning utilization and possible delays. However, it is
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not clear that maintenance manning must be modeled at all.

In Holck and Ticknor's simulation, maintenance did not have

any significant effect. This suggests that it may be possible

to delete maintenance manning from a model of strategic air-

lift.

Recommendations

The approach to modeling the maintenance portion of

a strategic airlift simulation, developed in this thesis, is

a viable alternative to the use of universal maintenance men.

It is not as large and compelx as the Logistics Composite

Model, but it will provide some level of detail concerning

the maintenance function. If a simulation of strategic air-

lift requires detailed maintenance statistics, this approach

is suggested.

Finally, each simulation effort should determine the

likely effects of delays due to maintenance manning. If

those effects will not be significant, for the purpose of

that particular model, maintenance manning may not have to

be modeled. If manning is not modeled, it may be possible

to represent the total time in maintenance by one distribu-

tion of maintenance times.

Further Research

The effects of this maintenance model, in a simula-

tion that uses a network of bases, has not been determined.

The fact that the maintenance force will be unevenly
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distributed among many bases could change the significance of

manning. The next logical step, in this area of research,

would be to develop a network model of the MAC bases and try

to incorporate this model into the network.

Also, the maintenance data tapes, as discussed earlier,

are extremely difficult to use. If a program could be devel-

oped that would accomplish the basic functions of the CDEP

and have variable output formats and contents, it would be

a great aid for future researchers.

j I8



Bibliography

1. AFM 2-21. Aerospac, Operational Doctrine--United States
Air Force Strategic Airlift.- Wshington DC: HQ, United
States Air Force, 13 July 1972.

2. AFT 39-1 (C10). Airman Classification Regulation.
Washington DC: HQ, United States Air Force, 31 October
1981.

3. Bankey, Steven. Air Force Maintenance, Supply and Muni-
tions Team. Wright-Patterson AFB, Ohio. (Personal inter-
view).

4. Begin, Charles. MAC Maintenance Data Tapes. ASD/ENESA,
Wright-Patterson AFB, Ohio. Telephone 255-2837.

5. Brown, Harold. Department of Defense Annual Report Fiscal
Year 1981. Washington DC: United States Printing Of-ice,
29 January 1980.

6. Coan, Major Stuart W. AU-20 Guide to Operation Planning.
Maxwell AFB Alabama: Air University, 1980.

7.--------Guidelines for Model Evaluation. (exposure draft).PAD-79- Washngton . United States Government

Accounting Office, January 1979.

8. Holck, Captain Eric K. and Captain Robert W. Ticknor.
"Strategic Airlift: United States to Europe." Unpublished
MS thesis. School of Engineering, Air Force Institute
of Technology, Wright-Patterson AFB, Ohio, March 1981.

9. Kowalsky, Thomas. "M-14 Baseline Model Operation--Shea
Study (Phase I)." Background paper, HQ MAC/XPSR, Scott
AFB, Illinois, 11 March 1981.

10. Law, Averill M. Simulation Modeling and Analysis. New
York: McGraw-Hill Book Company, Inc.,9F._

11. MACR 23-2 (Cl). Headquarters Military Airlift Command
Organization and Functions. Scott AFB, Illinois Wili-
tary Airlift Command, December 1976.

12. McGrath, E. J. et al. Technisues for Efficient Monte
Carlo Simulation, Volume 1: Selecting Probabi -
Distributions. DTIC Document. Springfield, Virginia,
March 1973. (AD-762-721).

82

'C-. ... r "- - . _- L - - . -
- -. - -



13. Naylor, Thomas H. and J. M. Finger. "Verification of
Computer Simulation Models," Management Science, 14 (Octo-
ber 1967).

14. Nie, Norman H. et al. SPSS: Statistical Package for
the Social Sciences (Second Edition). New York: McGraw-

ITff-Book Company, 1975.

15. ------ SPSS Update. New York: McGraw-Hill Book Company,
1979.

16. Pritsker, A. Alan B. and Claude Dennis Pegden. Intro-
duction to Simulation and SLAM. New York: John Wiley and
Sons, 1977.

17. Sargent, Robert G. "Validation of Simulation Models,"
Prcedins of the 1979 Winter Simulation Conference,

18. Scarborough, SMSGT George. HQ MAC/XPSR, Scott AFB,
Illinois. (telephone conversation). Telephone Autovon:
638-5560.

19. Schoderbek, Charles G., Peter P. Schoderbek, and Asterlos
G. Kefalas. Management Systems Conceptual Considerations.
Dallas: Business Publications, Inc., 1980.

20. Shannon, Robert E. Systems Simulation the Art and
Science. Englewood Cliffs: Prentic'e-Ha-,-Ic.-, 1975.

21. Shaw, Christopher C., Jr. "Determination of Spare Parts
hequirements for Strategic Airlift Aircrafts Through an
Analysis of Major Aircraft Systems"(tentative title).
Unpublished proposal for a dissertation, University of
Nebraska-Lincoln, Lincoln, Nebraska, August 1980.

22 ------ "Saber Sustainer." Unpublished text of a briefing
to the Air Staff, HQ United States Air Force, Washington
DC, March 1981.

23. T.O. 1C-141A-06. Workunit Code Man.ual, USAF Series C-141A
and C-141B Aircraft. Washintgn C~H---Q,"niteStates
Xr? Froce, i January 1981.

24. T.O. 1C-5A-06. Workunit Code Manual, USAF Series C-5A
Aircraft. Washington DC: HQ, United States Air Force,
I April 1981.

.25. Van Horn, Richard. "Validation." In The Design of
Computer Simulation Experiments. Edite'-by Thomas-'H.
Taylor. urham, North Carolina: Duke University Press,
1969.

83

*



26. Walpole, Ronald E. and Raymond H. Myers. Probaility
and Statistics for Engineers and Scientists Second Edi-
=on~). New Yor77F R-cfi an Publishing Co., Inc., 1978.

84



Appendix A

Basic Maintenance Model

* 85



~PMZ~#,T5OO1S.T8l937Z#STANABERR! BOX4377 189
ATTACHtPROCF7ILPSLAMPROCY 1D:AFIT.
FTN5tANSI=O.

C Hl

PROGRAN NAIN UINPUT7l,UTUT ?TAPE3!INPIJT ,TAPE6=0"TPIJTTAPE7) ###ZO#
31MENSION NSET (gg
CCOiMON/SCOMI/ ATRIB(t##) ,DD(I#g)hDDL(tU)?DTNO~tI'tFASTOPNLNR~3IZZ2

MMOMc QSEr (*5595) ##fi&'
EQUIVALENCE (NSET(1) ,QSET,(I)) OK

NNSET44iff Mil
NCRDR=5 M0270
NPRNT=6 MIszse
NTAPE:7 OK9
CALL SLAM ###31#

STOPM311

END 11z
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SIE~:EEVEN, I,)

1tNCRDRPRN~tN)4RUNNNSE 071NTEiSS~~ IT SL"t - I'i"X0).2'l

C EVENT I SETS PARAMETERS FOR ,U.C, 11.

C 4* FOR A C-141 4 06413

F(ATRID(Z!.EQ.Z) V" TO I's#Ut

XZ=J0 .I.LA4

I =.?38 @53L7

y2:3,1Z 1184E1
GO TO 19 900579

C too
C ii FOR A C-5 it 10513
C 9 9523

X1:.#37 #0530

'AZ:,9@1 @@7

TI=3q717 9531

TZ:z.9348 ;C1160#

O TO 199 906791

C 9997##

C EVENT Z SETS PARAMETERS FOR W.U.C. 1 13. 999

C ii FOR A C-141 *8 619

C HOU7ZS

ATRIW D(5Z 09#63
IF (ATRI8B(2).EQ.Z) GO TO 12 616649
XIP.1317 303658

X:.0538 9U#T6@
GO TO l89 00607

c 8#0791
C I* FOR A C-S 44 111713
C 989723
12 11z.614 1117'A'

XZz.635 1#01*4
1121=269 9975
3 TI1.469# #1#760
GO TO If# 1771

C #9#780
*C EVJENT 3 SETS PARAETERS FOR U.C. 114. U89711

C iiFOR A C-141 #W
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!F 1AT R132.~Z ' TO1395L

11:1,3925 3#871
T2:2. 1242 118811
GO TO III 18089t

'S 93910

C *FR A C-5 11191#2

13 1I:,J74 9093
12: .I18 3319.4

YtI:1.7996 #19f
'12:1.5665{S%

GO TO its 001971
#980

C EVENT 4 SETS PARAMETERS FOR 4.U.C. U 23. 31099#

C '4 FOR A C-141 t ff0113

4 ATRII(BM4 0I1039

IF (ATRIE(Z).EQ, ) GO TO 14 001940

lz.524 tll3s#

1Z:.177Z 110106

TI:.7623 991073

YZ:3.II44 IW1ool

GO TO 111 00191

C 311101

C *IFOR A C-5 it 111011

14 1:1.z53 111131

YZI:.6712 0916M

GO TO Its 191171

C EYE 5 SETS PARAW ETERS FOR .U.C. I 4Z. 111191
C 001209

C *i FOR A C-141 44 0il921

C 0123

5 ATRI)(5)15 IIIZ3I
IF (ATRIM)Z.EQ.2) GO TO 15 0IZ

11:.u63 091290
U2.0071 HIM9
Y1:1.1171 I1279

GO TO 100 011291
C 01311

C FOR A C-3 001311
C 901320

c 00133
15 112.118 111331
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XZ:.031 il

6Y9Z.9 95 W360
GO TO 'Lee 80,371

C 0138i
C EVENT 6 SETS PARAMETERS FOR IC, 9 1111.91
C 1#1400
C ii FOR A C-141 1 31410

c 1114ZI
S ATRID(5):6 0l431

IF (ATRIBZ).EQ.Z) GO TO 16 of"4M
XI:. 097 of! 4'
X22.6oZz 001461
Yl1:. 43Z6 OC471
YZ=4.3Z3 I 1148
GO TO INI 011490

C H FOR A C-5 4 HIStIIC @I,Z@

16 X:.ll 01 31
XZ=.948 111509
Y.--.3374 101551
Z=3.6602 fi1-6@

GO TO '30 311971
C #91580
C EVENT 7 SETS PARMETERS FOR U.C. 9 46. 11591
C 5@1461
C H FOR A C-141 4 011611
7 ATRIB(M)=7 IM&31

IF (ATRID(Z).EG.Z) GO TO 17 191649
0@1659XZ:t.998 901669

YI=1,376 HIMT7
YZzZ.9944 H316M
GO TO 1## 11169

C 601799
C nFOR A C-5 H@1I
c mlihz
17 Xl=Ill 901735

122.01Z 3 #1174f

GO TO INl HIM7

C Er 8 SETS PA R S FOR ,U.C. # 31t, 117

C oFOR A C-141 "lot#

8 ATRIS)=4 Ni83i
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IF (ATRiDQ)kEC.Z) GO TO 18 s 1 10, 4

X22,6181#08

GO TO Jf, 191899

C 'aFOR A C-5 ti 991913

1S 112 99t'Z

yf: i.zZ5 995
'f2:13.9255 191909
.C TO lot 991979

SEMET 9 SETS PARAMETERS FOR W.U.C. 0 72. 991990

C 'aFOR A C-141 H921

9 ATRIB(3):-9 *929'A
IF (ATRID(2L.EQ.Zl GO '1O !1 3134#

xZ: .9.6& 1921
YI: .9439 #12.17#
12:2.9.512L4 feline
0O TO 13f 992991

C IFOR AC-5H929

19 %1:.26Z fez,1:11
12--.085 ;K210
y I--.3622 982159
12:4.8696 106
Go 110 J#9 93173

C EVENT If SETS PARAMETERS FOR V.U.C. 55 t 73. fez,,?#

C 04 FOR A C-141 'a £9221

1t ATRIB(5)49l 992239
If (ATRID(Z).EQ.2J GO TO 29 9922.
llx.1138 1#2.51
122.#121 992269
l~Z.Ul14 992275
Y1?.5641 992289
Cc TO lot 992299

C HFOR AC-54 9923 19

29 112.138 992331
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I .:, 63992340

Y Z:7.Z738 m936
C 112371
C ADDRESS III FIRSTt DETERNINES EXPECTED NUMBER OF FAILURES OI2389
C FOR THE APPROPRIATE WORK UNIT CODE (USING THE PARAMETERS# 112399
C It & XZ SET ABOVE)i FOR THE OUTBOUND SORTIE. 392-9
C 992419

1I XX(2) : X1 + X2 4 ATRIB(3) 99242
C IS2IL3
C USE EXPECTED NUMBER OF FAILURES AS THE NEAN OF A POISSON l32441
C DISTRIBUTION TO GET THE NUrBER OF FAILURES GENERATED. O9Z451
C 99246,3

1I : NPSSN(XXIZ) 2) 992479
C IIZ A

C DETERMNIE EXPECTED NUMBER OF FAILURES FOR RETURN SORTIE. 92490
C 992599

11(2) z Xl + X1 4 ATRIB(4) 292519
C 392339
C DETERMINE NUMBER OF FAILURES ON RETURN SORTIE AND, ADD I2531
C TO THE NUMBER OF FAILURES ON THE OUTBOUND SORTIE. 10241
C I325I5

I : 1 + NPSS(IXz(%)I 992569
C "92571
C IF NO FAILURES OCCUR, BOTH NX AND SUPPLY TIMES ARE ZERO. l925"l
C IZ599

IF(X.EO.I) THEN 99z630
ATRIB(3):9 f2z69
ATRIB(4)4 99 2623

RETURN 912639
ENDIF I2649

C 01
C IF FAILURES OCCURRED, DETERMINE TIME TO REPAIR (USING II266
C PARAMETERSi 'f. & YZt SET PREVIOUSLY). ALL TIMES CORE 332673
C FROM GAMMA DISTRIBUTIONS. I268f
C IIAP9

IF (I.EGT.) YmCAR (3:1.3) 99275

IF (1,E.1) ATRIB(31:.Y !192709
IF (I.E2,2) ATRIBl(3)21.5#1 IIZT5#
IF (IEQ,3) ATRIBII3)al,73Jf IIZT7

IF (I.GE.4) ATRIBI(3)a'Z.I 92779
C 99278
C DETERMINE SUPPLY DELAYi IF AUt, IN USERF. 992791
C 392899

ATRII(4) USERFII) 99281
C 91282I
C IF TRW WILL BE A SUPPLY DELAT, DIVIDE "X TIME IN HALF, 9928H3
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C SIN4CE SONE WORK 91U.DEEIM leEFORE AND S~OME AFTER THE 65
C SUPLY DELAY.

IF (ATRIM04) .1) ATI~AR~3I 32879
RETURN N
END 59
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MOISCN.11 ATRIB iti0 iDD (111) MDL (199) 4DTNO~i I tFAtMS,~l 9.?20

GO TO Ml M12950
0092960

C THIS FUCTION IS USED TO DETERMINE HOW LONG AN ACF, 1'02971

C IS DOWN WHILE WAIT14G FOR SUPPLY. NOTE THAI' SU.1PPLY "0M 3I9
C IS NOT A FACTOR FOR THE FIRST 12 DAYS (1288 HOURS) II13991
C THIS I$ DUE TO LOCAL STOCK AND WRSK STOCKPILES. 44 33310

Cit FIRST DETERMINE IF SUPPLY IS A FACTOR ii9003

I IF (DRANDI3)1.LE..751 G0O 1030 1319
IF ITOV.LE.28 GO TO 301 3360

04 FOR THE C4141 44 00318f
C 10399#

IF (ATRIB(ZI.EM.) GO TO 3f 30311
I zDRAND (3) 21131
IF (I.LE..J14) 0O TO 301 0031441
IF CK.LE..331) GO TO 3#2 003130
GO TO 313 303146

333 USERFl 03151
RETURN 303163

301 USERF:-(6300.4(X1424.)*l.# 313171
RETURN 103181

302 USERFz(73.62*(%-Jf04)+48.)'1.f 3IM"9
RETURN #331

303 USERFz(I43MM'(-.3311+7Z.141.0 031
RETURN 13322

C 1#32,41
Coo FOR THE C3 t 3#12M0

31 X=DRND(3) 113,10

IF (K.LE..92) GO TO 304 11371
IF (K.LE.33 GO TO 3#6 103283
IF (I.LE..323) GO TO 306 #13311

IF (I.LE.58) 00 TO 308 603311
GO TO 309 0332

394 ISENF: (1290. f(1) +Z.) #1.0 301333
RETURN 00334#

33 tjER5z(113.9 (1 -. ) 48.) 1.S 6013359
RETUR 0336#

30 USERF:(1660.67(l .331*7.141.1 10333#
RETURN 03330

93

- ~- -lu.



- 398 U ERF= (97.174 IX-.333+ 1 il. 1 #,134.0

REThWR 1344
END~ #0343#
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M IAINTENANCE MODEL NE74ORK,149

OENtSTANDERR~fNX MODEatl 1/1181; 035510S

LIfiZt5i433; 3335,11

NETWORK; *3334

RESI%43lRZ(74h11; FLT. CONTROLS NX PERS 133503

RESIMMUIZ1t8),Z; LANDING GE.AR At PERS #3359%

*RES1M4231#(43h3; ELECTRICAL SYSTEM S RX PEAS 13350

RES/PA21314(571,A; PNEUDRAULICS MI PERS 333573

RES/M4&X2(u93),5; ENGIN4E MI PERS f33a8

RESflM42311A46h; ENVIRONM~ENTAL SSTMS ,I PERS 333593

RESIfl4Z313(Z8h71 FUEL. SYSTEMS 11 PERS 333633

RES/N32511(45ig; INSTRUMNT4S v,. PERS 333611

RESIN,3ZS31#7))9; AUTOPILOT NI PRS 193623

RES/N33811(9b 13 NAVIGATION SYSTEMS NX PERS 333633

RESIM3281436)?11; INS & RADAR MI PES 3343

CRE,.M,.3,h133lii; 33369
ASSUU:U~i~1,133663

ATRI3(3)=RNORA(7.7i.Z)t 11367#

ATRIB8(4)zRk0RI(9.3i.21 MA3N8

ACTiiU1() .LE.3tASl; 3#36"3

ACT,,XI(1),EQ.4i M37##

ACTttIGO1 333723

ASI ASS,ATR1B(Z)zl1 333733

G01 GOON13; 113741

ACT m, E MI 1375 1
ACT,,iv?; 33Th

ACTvtEY4S; "379#
ACTmEV3; 333803

VcmEV7; 333213

Vctt~EV9; ##383#

ACTti ,EV13 338

ACT~tATh!U(3) .EB.3101; 113803

ACTvi ATRI (2) .EQ. 1rCO2) #1387#

ACTi ,ATRII() .EUZAC3; 333883

ACTtAlTII(3)' .613.oGU1 33933

ACTIIe ,333,M 33913

ACTS .#$4tAu4; 3339t3
c oo3 039,1;*o #

AMTATRIBMP).453CI334 314

ACTi#.Z&4tAVH #3151.

ACTti.51A 333960
ACti.13?A14; 333979
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DIL EVEbz,; NMI9~

ACT v ATRID(Z) .EM, iMU NM
ACTtvATIBZ).EQ.zbGO5; 141

ACTtATIB(3)#lvOz 00EI
ACTi, .473,AIZ; 94
AC i.1453 ; 95

* A~CT,, .31ZIAu4; *6

ACTATR13(3), .11MOZZ; f~
ACT?? .647tAVI; 934#90
ACT,, .LZAWLz;

ACTt, .74tAV8; H 11

EV3 EPt I; U6L10
ACTytATRIB(3) .EQ.61Q3;t045

ACT, 1#41181EQ1,0; 6Lb

ACTvATR'&B(3)v, ,9i,,Z; 194196
ACT t 1.254 1AMI ; 6041LM
ACT, 16,A93; #lAZ.3
ACT,, .zz~tAV; 39AZZ6
ACT i .136vAN; 164Z31

ACT7 MOM ~; 6U4293

ACTtATRI8C3), .Zl7vGOZZ; ##4zb#

ACTit.I iV3u; H6470

ACT,, .493,AO; 66429#
EV4 EvEt; 664361

ACT,,A7RIU(3) .EQ.694i 664316
ACT,,ATRIS(Z) .EQ.lGOO9; 6U4321
ACTtiATRI3(2) .EQ.2,G09; #9433

CMO GOOKI1; ##430
ACTATR13(3t.1* imcoz; 1#4359

ACT i.434,M; 66L10
AcT,, .36MUS; #14376

C09 GOONd; 064396

ACrv ATRI (3) v. 237 tGOI; 16445"

ACTtvATR1IB(3) .E13GOIV U64476
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ACT,, .717,A3;a0*
ACTf .ss1vAU; 11L5l3

G311 COON1i; 84

ACT,, .376YAW3; 944
ACtt,18940; 945

E'Y6 EVU~; 9Lt
ACT, ATRIDM3A.Q.1461357
ACT, ATRIB(Z)AEMMGoZ; 14581

ACT tATR IS(3) 1 . t, GZ; 1#4611
ACTit .91zA44; 1146251
ACTi.1.65,AM8 MCA~

C013 GOONti; is.34

ACT,, .7ZtAW4; 814660
ACT,,. 146vAV; 9#4671
AKTI t.952,M18; 134M

EV7 EVEi7.1; 814699
ACT.ATRIB(3).EQ.1,97; 094791

ACT, ,ATRID(Z) .EQ.Z,GQ15; 0847'j
0014 COON11; 964730

AMT IAIRI~t3) YA OM 10,,02;474
ACT,, .54#tAu7; 9947%
ACTit .392,AUB; #0 476#

co", COOuNi; 114771
ACTvATRI8(3)t,.397tC022; 1147W3
ACT,, .416,Au3 61499
ACT,, .90011 814899
ACT,, .278,AW; 0#4819

EYS EVEigil; 99821
ACTATRIMA.14,8; 994831
ACTiATRII(VA.1tGc0 ; 094849
ACTMATRIB(Z).EQLz,07 994891

0016 cOON1i; 9*4861
ACTiATRI1(3)t~.9#.OMz; 9487#
AC~it,.992A118; 194889

0017 Mouil; 1#489#
ACTvATRI3(3) ,.17,cOZ:; 99
ACT,, .2S~AWS; #34911
hAit,.277PAu9; 114921
ACT,, .iiSAut; 014931

E"t EVE,it; N94#
ACTM ATRIBMLPo9; 014951
ACT.ATRBM).EA,0018; 1#496#
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G019~ G~OK;
ACTATR13L3) ,.MOZ E

E019 COON.If; 615813I
ACTiATRI(S M.,tzAco; 1153Z8

GOZI EVE,101 6515

ACTATRIB~Z).EQIC.OZZ; 
WIN17

ACTti5ATRB( I .ozco 165181

ACT.43tWI I

ACT ,ATR1I-3).f.4ZPGOZZ; MILO4

ACTt, f6.AWS 0f51It

ACTi, 87ZARI11 IO51s

ANI ANAMt),431RIRZ i; 915172

ACTATRIB (3); f~C

FREAUl43RZIM ; 6 4

ACT. ,ATRIB(4) .EQ.1GO3ZZ; 
115M1

ACTATRIBM4 ATRIB(4) .T-1; HKIZ11

ASSATRIBM W) 
NMIz~

ACT,. .AWI; fz3

AV? AUAMAO~4IRz/111; 11Z4
ACTATRIDOi(3l15
FREN431UV1.11152;
ACT,,ATRIB(4) .EQ.0.GOZZ; f57

ACTATRIB() ATRIB(4).GTJ; 1052M1

ASSPAIR1BM(4 #531#
ACT.. .AUZ; 6053011

AU3 AUAA WH)I4!3 II, 195330
ACTATRIM(); 135331
FREAMM/lI1 il; #15340
ACT,,ATRIDI4) .EQ.1.COZZ; ##531#
ACTATRIS(4ATRIE(4).GT.0 ##5350
ASSO,ATRIB(4) :0 0015371
ACTittAV3; 00531

AU4 AMA0N21411i It 0053q#
ACTATRISM1; 1540f
FREAQ31411t1; 050

ACT. .ATRIl(4) .EQl0,GOZZ' 30541#

ACT#ATRIB(4) ,ATRIB(4) .GT.#0 00542#

ASIATRIt4)4; 115440
ctv,AU4; ##544#

AUS VMIA.4161V/IA; 
005450

ACTATRIB(3); 
0t54,0

VFEAR26111.t; 005470
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ACTATR!8M);,T8 C.

ACT ,ATRt8 C'3H

ACItATRIE(3) #156i.0

ACT, i ATR ID(4) .EQ. f GOZZ; 0096LO
ACTATh18(41ATRIB(P).C7.1; 005,0
ASSATRIDM4 : 01560
ACT,, ,Aw7; 0#56,51

AUS AgA(8) ,235XI/iti; i55!A
ACTATRIh (); HUN7

ACT, ,AT.R!(4) .EQ~ftGOZZ; HUN~
ACTATRILB(4) ,'tR'1(A) .GCL; 05701
ASSATRIN4 5 f5711
ACT,, ,AW8; J15721

AW9 381) i35XI, 57S
ACTATRIB (3; 0137-1
FREY ,35X It " i ; 0#5755
ACT, ,ATRIB(4) ,EQ.ftG322; 1574
ACTATRIBM) ATRIB(4).G7.1; 0057713
ASSiATRI8 (4 5105733
A TAw9; 05795

AA AAUMtI)! IIZ81/1, 0880
ACT ATRIB (3; WellA
FRE0320111XiI, ##058?i
;CTivATRID(4) .EQ.5,GOZZ; 10580
ACTATRIB(4ATRIBM4C.Ml; 05584$
ASSATRIB49; 055856
ACT,, AW15 #558il5

AVII AWA(11)dNZ814I1t1; 055871
ACTATRIB(3) #65885
FREYMP~x/1I; 115891
ACTMATRID(4) .190,OZZ; 555953
ACTATRISM) ATRII(41.cr.s 505911
ASS,ATRIB(4)zt5 #093,
ACTmAWII; 555935

G13t2 GooN,1; 55594
ACT,ATRIB(3)4ATRIB(4) tATR10(4) .GT.5,GI'23; 665955

ACTitATRII(4) .EQ.#tG3Z3; 1#1510
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ACTtATRIB(51.EQ.zz; Ml
AM~ ATRMSt) .EQ.37Q; 3#6103
MM~ATRIB(5) M.848; #65

Ml vi ATRISW51 E~Q.9 v9 26fil
ACTtATRIB(M).EQ. 1I1I; 996079

Q', QUE(MIZ,,NATC! 6#698#
Q'2 QUE 131imAMU1019
9 3 WuE ' U ) ji t iATc r 91
Q4 VE1)ttA 31,11~
Q5 4UE(16)tm?.ATC;t 3613
96 9UEu17)tttpATC; 286141
97 QUEQt8)vm.iATCi 1#141
98 9UEQtp,,,ATC! 06,190
99 QUE~zliptMATC1 1#616#
Oil QUE(t1),,,AT 16170
MATC 16 9/IQ/I9/I9/I,911,6A,7At8A,961S9

At AcuN1lsIM;~HI l ##619"

COLiNT(1)tT0T TIME; 0962.

FIN;111111

* 100



Appendix B

Simulation Model
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LA ~N 0,E F 30 00

B7CCNNSE S-1 ii~jJ

0 PNPR N 4 
1CALL I .K NS7LAAErL 0 13 tI NXM Wi 1

(-030

EQUVAENC iNHEI "NT, 102Z



:c]w 3Ni EVENT~iC'v " ". ,L ,, ....

SEVT. 1: S77S PARAMET2RS F 4.U.:. i I1 J

0 *4 FR 4 C-14' 44

Y":.9954
Y2:3.IL1 @@9

0. TO '30

C *FR A :-S5 '* ; 5

:J I1:=.373

' Z: .3

fl:3.3737

.F(ATR:D(2).EQ.2) GO TO 12i 6

XZ: .35@8 000679
'r .9915 0G€i6 i
Y:1.936e 008909
GO TO 1~i 000799

C 9J713
C * FOR A C-* 7Z

Jz70731

123 X1=.614 393743
i:.935 l00075i

YZ:1.4690 03077

GO TO 100 0007H0

C EVENT 3: SETS PARAETERS FOR WUC. 314. 00083

CZ 1.1 037481
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Go 09P40

44 44

1-. Xl=.374

Y:z"799k,

GO T'3 133
00199f

'PEENT 4: SeTS P4ROET'ERS FQR #..O 223. 0:
M:1

44 *4:~- 4 44*

4 4T:B)'4 jlt

YZ:-2.i944 li
^3 TO Af 3J

O 4 FOCR 4 C-:z #4
c IC:Uo

Y 12' 1 . 7 1 LL99117

c 01M3

0912491

I ATRID5)4 ILA$ 1F(ATRIBM2.EQ.2) GO TO 159 9012H0
X1:.0065 f16

XI:.170 00127f

Y2:1.2157 911291
GO TO 1INU1

C 11311
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rJ;

TO ,,

0 EET -: SETS PR TER -OR '.I.C. I W I"I

:-ET1: SI .17R

IF(A7e: (2) 0 '1 '40T11!

y:4i.273 501490
CO TO 101 00" 5

'R FOA C-591 Za

~ 17 I:.l @14

2:3.66# JK!70
O l3 .tT i

C EVENT 7: SETS PARAMETERS ZOR 9.U.C. # 46. IIM9

4#~ Fi" A V-141*
80.622

!FTGO(Z1.1176 CO ,1 17

z'a*ja 10,679
I:L.176 313

GO TO 10 201790
C 0!710
C FOR A C-5 31 91720
C Is91739

.17 1110611 -174-
XZZ.IIZ I 911751
Y1: .5229 Is91760
YZ=3.5153 991771
GO TO III 99179

0179f
C EVENT 8: SETS PARAMETERS FOR L.UX. 0 5.1. miss
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7 0 1 00 2 73

i 93 a S90

44 74

4: X!~O-

XZ: .349Z:5

GO TO :00 00 71,0

0EVENT 3t aSETS PARZES :CR ..C "7Z. 623

C 44 FOR A C-Il: #4 3Z9

9 ATRIB(5):9 U.1941
:F(ATR:B(ZL a ;, TO 190 ko
X I: .739 02W6

Y1:.IL3)9 32
YZ:29.514 IO2Z90
GO070 100 002106

3021:9
o .FOR A C-5 "4M'

* 132:3

j3 YI:.111P214

YZ:Z.89 5641

c 00229a

C FOR2A3194

c 062109

- ~1 ATI..)I -- -H...r-,------



--: THE AF ROP;.:w.TE -;:RK "NTODE U:N TE 3~~:~ ^ L:I
r'I ~X', *EET ,,E:) p TH3 .-E ~TXDE;

.A~i X(~ x:+ XZ I~~34

C2EEX EL viL,"EER FAi.JRES IS. -41 -AN OF A o~-
OIDSTR.'BuT:ON T,' GET THEi NU:- OF L"EENWD

X = lFsSS(XX(11)fz) 3 3Z4174

c M NAE EXrF -1T7ED C'MSER O3F "A-4LURES 70-R REhR 1R0V :

XX1)=X4+ V2 4 ARIB(;

IL~E !"s: F '11.ESo RETUiRN S*Z.3177 AND ADD
TO H71E NUM2ER 'y iALJRE3 ON THE -OUTBOUND -0RT -.

X zX +.,pS kXXt 4 )

C IF INO FAILURES OC~~BOTH IX AND SUPPLT "'Tz AnE ZERO. 3J

ATRIB,3):Jj-?
ATR:E' ( 4) :#i Z 64 6

60

C 7F FAILURES 0CCjEDI [ETE;!1NE '1" TO REP^:R (USING $III Si
C PARANVEERSo YI AND YZv SET PREVIC-USLY). AL.L TIMES C'ORE J10
C FRON GA.NNA DISTRIBUTIONS. 0127130
C 00"711

IF(X.GT.9) Y:GANA(YIPY293) fl^721

ADQjUST Al 7IME :F MORE THAN ONE PART FAILED IN THIS SUBSYSTEM. 20'.74#



IF BT E 4 P K r- £ Y) XiY, VE mx TIME 'N -a-
HALF 1F 17H ; £3E AND -4iA :-Rp~

'A~' E 33m

C-JM~~~~lil.A2"" -.V 4 IC A "

Ll. A. t; -r Z ' A'STSRNS .

r ~~---q: =URcT C141 FL?, '1./7NAi ^
* ~ ~ T - Y"ERZfAY'S C18: FL!Tf iNAEVn

: l.RENi CIS FLY TI/ONN-ACEZ991
---5 6 ..fAYE0 ZY rEIT2A 00300i

TI - ,NUD;AY 9J

FLYNI :0 30305 1
003060

49 7CIANCWZL 303393

FLYT:-FLYN 332

'UTEIFYIILIAY933

Tf'l:eTUNN1TONlT1 003169
CTD1:TONN1/TODAY 003170

6193189

FLYT5%FLYN5 9031490
FL6YNS:-XX (7) 993299
UTESmNFLYNS-FLYW 5, 3. 993219
CUTES:LYNS/53. /TODAY 913221I
TONT5%7ONN5 963239
TONNS:XX (9) 003249
Th5:1TONN5-TONT5 093259

CTD5:TONNS/TODAY 993269

C 992279
TOTAL:IX ()+lX(9) 9032^89

TD:TD1.TD5 993299
CTDzCTD1.C195 093300

44 1 FDRNAT Up," DAY "vF3.9.33Xt"C141"t7X''CS") U633:90
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4Z (7.% 4S ZT ME:- 4 X 3HS;£,;5F5.£c17,.(

:0 O ~)A T (7:,'thNmAY PAE, £4 fRE'O3X. p mr23
A2 TRT J 7X M :C!T I VE T -S ECAM X~' "J).7. XF5. 2:.)z

J FOPhT M7X %4:TTL TONS J*- . ':,F.3

.4."- 40r 'j

PRI 7NT 405,8 :TE'~rA- t A034

ER:N 3f6' 024U3
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q 4NSET. TAPEY "S ,3SSL( 130) 17'.EXTC 4t fi

!.4IETE:-"'E% ABORT ~:~EAC ~

I S:RAN(fl Go .

ZET2111 ji2660
C 4 FFO~ TIME FOR .141 OVERSIZE CAR,, 33-362l72
Z i JSERF RNOIR (.841.ZfliWd

*4 TrERKINEOFF:OAD TIMNES F2" "S *

I(.LE..6:5) NO T; 23 011
7 tLLE .773) 11%i 24 2o37S1

C 4 OFFLOAD T 'E FOR C5 IDULX CAPGO 003W760
USCERF = R-R (M3..3l) o,
RETURN M72730

C Hi OFFL.OAD 7I"lvc FGP C5 OVERSIZE CARGO 14 V137-32
Z3 USERF = 113RM (2.44t.9#1) 303861

IF (US.ERF.LT'..7.CwR.USERF.G T.59.8) GO 7'J 23 M*31Z
;ETURN K

C 44 OFFLOA.1 714E FOR CS OUTSIZE CARGO HMO083
24 USERF zRNORIM (2.3t.9oI) 3380

YF (USEiF.LT..5.CR.USERF.GTI.6.81 CC TO0Z4 003850
RETURN 001:60

C 003S70
C D ETERMINE .ARGOj 4EIGHT IN TONS 00 83880

C 003sil

3 IF (ATRID(ZLE4.11 GO TO 31 11391

IF (.LE.923 GOTO 42 134

GO ~ ~ T TO41119
41 PDRA M 00496

IF (LE.1178) G TO413 039
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IF X.LE..2 2} SO -. Zz iZ3
CGO TO 422

:F 1 .LE..:), T;3 423 M44

7F (L-'E. .149) GO 70 '254 15
X 63.4E..Z9) C C TO AZ5 2406

Y (XL.E..3)i ;0 TO 2O

G3O .._ Gi0 TO 43^

jrp 4*4.j4*(X)+14.3 004120
RETURN

RETURN 04 69
4!3 JSP; 73S.129*13-.1715)494.5 021470

RET*,URN MIA:

414 USE$ z 3.l4*(X-.7SS)t99.54
RET.IRN aj1^2

: SERF &2.994(X),!!.! .134 10
^ET:JRN 3422"3

421 SERF :.. ,94(",.2)2.0. 99429
RET'R 804,24

423 USERF :2104.Z(- .!7 804.4
£004260

424 -jSERF : 2 4273

RETURN 064220
425 USERF z 530.54(X-.617 )+74.6 004213

RETURN 094240

:Z USERF z 74,4*(X-.6!49)+94.6 045A

RETURN 004323

427 USERF = 0.9i(X-.,ZZ)+99.8 H4339

RETURN 004236

432 USERF : 00i(-21+J+#4,379

433 USERF z 61,1§(X-.80)+9.I 94330

RETURN 09400
C H FOR THE C1414* 994413

31 I:DRAND(5) 004421
IF (XGLE..599) CO TO 51 #04430

IF (I.LE,.69Z) GO TO 52 004440

IF (X.LE..9Z3) GO TO 53 094459

GO TO 5 94460
11 I:DRAND(6) 094471

IF (I.LE..140) GO TO 511 994431

IF (X.LE..2166) GO TO 51Z #0440
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iL..Z6) GO TO,-04F X.LE.. ' 
....

.. .7) G3 "Z4 6S 0

F (.LE..2,5) CO TO 532

.,v -CT 534 00467-

7135 GO TO8 !.I73468
F (X.LE..9Zf) CO TO -41 04713

,;3 70!A300 "2

EF (X.LE..461) GO TO c &7A
I X...75) GO TO 514 304761

TOT 55 34770

1 USERF .. 0 4 . H 404
E:-j 104790
R -URN9

.3 UScRc
RETU: RN

54 :jSERF 33.164(X-.268Z),7.
RETURN JWif

. USERF: 72.99*(X-.&765)+Z4. 004860
RETl;'jRN 004,79

516 JSERF z H4.9 (X-.6135)+34.G8
RETURN H400

517 USERF z 13.164(1-.6938)+36.0 H I
RETURN 104911

521 USERF 52.63(I)+6.0 0492
RETURN 004930

SZZ USERF = 17,650(X-.99)+II.1 34943
RETURN 604950

523 USERF : f49(6-.265)+14.I 96
RETURN #94971

524 USERF z T.684(K',66)+16.I ff4980
RETURN 904991
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RE-lJRN iv
523S USE : 4.. (X

531 UIE;F

RcE7JRN 053
535 UEE , O

RE71UR i3051
526 12S ZR F 3~X.2.. 05:, 3

REl7URN ~5
52- 7 USERF t60. .915)+34.0

RET"RN 0TIi
3 B)'jERz I 5i404(9 .?20i,146.0 j52

RE T URN
541 ,JZRF 1l

3ETURN 39503a
5LZ USERF 8.O04(A- .ZJ)+l3.O 0L4

RETURN g~i5
343 JERF 34.44(X-.4iOE+l15.0 l~

RETURN 157
544 USERF 16.O*(X- .750)+Z..9 30q528

RETURN V9
54 USERF 320(- 5+Z.

RETUI'RN 051
C
C iiDETERMINE 01441 TURNAROUND TIME *

06,C352
C *4USERF(4) zPOSTFLIGHT + REFUELING M X PREFLIGHT I55365
C 0051175
4 USERF i 00536

RETURN 055395
C 095495
C C ETERflINE C5 TURNARCUND TIME U!99411

C HUSERF(51 cPOSTFLICHT + REFUELING + NX PREFLIGHT 995440
fC 3154!

5 USERF:RNORN(l.5,.1Z,5).UNFRN(Z.g,4.l,5).RNORM(,.5,.1Z,5) 055460
RETURN 005471

C THIS FUNCTION IS USED TO DETERMINE NOW LONG AN ACFT 12.95491
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H!5

(X."NO. .04; "CO TO IM A

FR E 14 RN

XR D 057 20

032 (E .14 Z18 39 +7Z 005.2

7 RN

4 T.E C5 *

J057M
20 XZHAVG31 005720

(X.;LE. .0Z^ 0 Sl O343
:F CXLE..233 GO T 9 5A
IF kX.LE.."23) GO TO S 6
IF= (X.LE.338) GO 'r 37 M9:2
IF (X.LE..585) GO -70 308 0S23

GO TO 3290R64

RETUJRN 305860

* RETURN
306 USERF:(2b6.67*(X-.Z .3)+7Z,.)41.S 659

RETURN 00SCIA
317 USERFz(16l0.4(l.323)496.)*1.l 395919

RETURN 005921
398 USERFz(97,17#(X-.338)+lZl.j41.I IV ;3l

RETURN 165940
309 USERF:(57.83#(l-,585)+144.)41.9 095956

RETURN 995969
END W95970
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-:MS~xx~bc5~:iT E; 060'L2

"AMST 9XXii) #C5 lot LE _E; 00606J

M:". o XX i6) pC'1- FLY 7"..E;"8
TSTpXXl'l~pC! FLY TIME; 06

77 STpXX-l9)tC3 TONN;;00"1
NE7 4ORX;10:

-'ES/C5(53bZ2; CS AIRCRAFT 306i4i
RZSILEUS(Z8q3; LOAD EQUI'JP !N U.S.0612
RES/LPus(79h4; LOAD PERSONNEL IN J.S.
^nES/AclU(35z~p!; C141 AIRCREA'S TAN U.S. 2I0611
RES/AC5US86)p6; C! ATRCREWS IN '.S. 068

P23/LEEl.*l(28)q7; ..OAZ EQWIP IN EUROPE 06

RES/AC!E'.3rK)0 0:41 AIRC;EiS IN EUROPE 0162J~
RES/ACKE3h 10; CS AIRCREWS 'IN EUROPE 00.12W
RES/M43!R2(74bo:I; FLT CONTROLS MX DERS 3062.'O
RES/M431w2(I8)P12; LANDING GEAR AX PERS 36l
RE443X0(43)i,3 ELECTRICAL SYSTEMS MX FERS 06~
RES/M423i4(!7h14; PNEtJERAULICS MX PE9S 00626i
RES/M426Xvl193h1l!; ENGINE "X FE:S l0627f
RESIN/42SX'I(46) ,16; ENVIRONMENTAL SYSTEMS MX PERS 246MS
RES/M423'X3(2S), 17; FUEL SYSTEMS AX PERS 306191
RES/M,.324qXlc45)tl8; INSTRUM.ENTS MX PERS 0-0
RE~lMS25X0(!37)vl9; A-.7CPILOT MX PERS ov)3,10
RES/M3z9X1(49b21; NA1IGATION SYSTEMS MX FERS 0063,21
RES/M34lX4(36)iZl; INS & RADAR IX PERS 306.".4

006340
;INITIALIZE THE MODEL FOR USER FORMATTED DATA 006350

p 3063460
CREt24pz4; 136379
ACTPPYEv11; 006389

EVIl EVEY11; 99
TERM; 006400

106410
;CREATE A NEi LOAD EVERY 6 MINUTES U96420

096431
CRE,4.1i; 19644#

*ACTotNNQ(l).LT.1,ASl; 166450
ACT..NNQ(2) .LT.liAS2; 996460

ASI ASSATRIDCZ)!1,ATRIBC1):ATRIB(1)+.11j 106470
ACTvytA141; 996480
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.43 A:SAT ): 39AT7B(4:RNCRN( 1.3 ... ,X 1;
A C T , LP;'066

ACrtiiC5; 16

; A:- Fl3 . 5.Z% WIL RE.UI:E Lj1A Ea ~PNTk

ACT,.246AS6;Z0666i

ACvtt~ALE; .61

AC~p#-ALP; ~~3
3067:3

W~IT FOR LOAZ EgUIP 306739

ALE AWA(ShLEUS/1.I; M .
4CTitiALF; 00679

M96760
4A17 FOR LNAD UNE 106770

0068

;AC C :UJNT FC1;R L 0AD NG T 4ME. ATRIBM4 IS Ls3ADBIvC TIMEP U1I~3 '683
: T IME IT TAKES ThE LE TO GET TO TPE AUT1. 0

;AFTER FREING LE AND LP9 ACFT ARE READY WINH CARGO AND N~EED CRES. 096839
296840

ACTp4rRI8(3)+ATRIBC4); 006851

ACTiv4TRIB (3) .NE.lvFLE; 106870
AMPiATRI3C3).EM.9FLP 096869

FLE FREPLEUS/1; 996899
ASSXCS:XX()+1006999

FLP FRE9LPUS/it,; 06910
ACTIPATRI8(Z) .E.IPC'IRCL 996921
ACrt.tC2RC; 00031

CIRC CObtINT(lhPC14l CARGO READY; 996949
ACT,, ,ACIU; 996959

C2RC COLPINT(1)tC5 CARGO READY; 006960
ACT,' tAC5U; 996971
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77:

P" F'R C! A:iRCREW'S

AZQ1 1W A(6)AC5U/ 1
ACTPY; AS7;

'S-4R- CRE4 1:T7 11,A Y Z ACURS B'REREPCORT OA:RC"; .. ..S
;A"C-C ,TS '07 CREW ASSE.161 f 'RllF:.3G, T. 2

AS7 4SATR:B(5)zT1CW-o'.a;

"CON 11 007140

3F THE AIRCRAFT WI LL qV010CE F.-T'EOFF MA!NTENANCT.
;.ME DELAYED :UcSER:(1) O07 70

1.07192

ACTPUSElRFU'; .13PAS8;0%2

;FL:CH'T TIIE TO 6-CR CP E.J7Z'
?-07Z31

AS3 AcSSATRIB(l).4(:RN (7.7,.Z); 0074'56
ACTiATiIB (4), PcOZ; 007:61

CZ COONZ; 0037270

;7LiESE 'IQ STATEMENTS '701LOW TW AIRCRAFT FoR LjACTRNRLD 92
;AND FL:GHT BACK TO THE U.2. (SEE "AIRCRAF ROUTINE IN EUROPE!') 370

ACT,,T7RIB3.EQ..lPALEE; 7^Z
ACTiPATRIB(3) .EQ.OIALPE; 0073"2

;THESE TUG STATEMENTS FOLLOW THE AIRCRE!J AFTER LANDING. CREWS 375

ACTtU.NFRMc1.otl.5bPATRIB~cz).EQ.:,CO1; 097390
ACTPUNFRMC1l.91.5) tATR3T(') .EQ.ZC02; 007410

COI COLPINTC5)tC141 DUTY DAY; 017411
ASSXX(6):XI(6)+ATRIB(4) ,XX(8):11(8).USERF(3); 007420
ACT1Z.0; 07430
FREPACIE/0 00 7440
TERM; 107450

COZ COLoINT(5hPCS DUTY DAY; 107461
ASSX(7fl(7).ATRID(4) i1l-9+USERFc); '107470
ACTl2 J1i;97481
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AC -~ "*7

AL?E A A1A3) 9:6 Eu'R/I;

;UNJAD T 'E ACF7 3r!S I

4CTE Q)2 .~7; 7~

007 GOCNil; T a

ACT, ,ATRL3 00:p~ 76ZO

FLEE --RE? LEZURfi 007 44
ACT I IFLPE 0175

F LFE " R E LP~R~ p ~ /176
0 rL N T (1 TR A\1SF I TA'MIc0-61

0FTER 7ThE ACFT A(%' CX2AO, E~l SEPARATE ThE F4SROM "Li C5$ 2076"1
;AND PREPARE FOR THE RETURN IRIP. 371

2377.1
AcT11TRIBz).E.:~G5; 07721

ACT, ,ATi() .EQ.ZiG36; 073
C05. GOQNt'; I+I44*44*444***4444*44*f444***4*1444*444444*4 07741

00779B
;TffHS ACTIVITY f4CLUOiES P6STFLGHTi RE UE.JMICt 00~ MX PREkL' OF C-14's 007760
1 197771

AMTUNFRNVz.34.0); 0077si
8977ng

;NOV WAIT FOR A C41 AIRCREW 007833

AWA(9' hAClE/I,1; 007821
3#73J3

;AGAINs '5Z OF THE C1418 REQUIRE SOME PRE6-TAKiOFF MA:ITENANCE. 0070.40
007850

ACTIJNFRN(.5,1.5) q.15tAS'4; 907866
ACTFP .SSPASIO; 997870

ASIO ASSATRIE(6)IRNORN(9.3,.v),KX(b)!XX(6)4ATRIE(6),1; 867889
017890

;FLIGHT BACK TO THE U.S. ff7999

;AFTER 13.5 HOURSt CREWS ARE NADE AYAILABLE FOR US-TO-EUROPE 007940

;FLGHT . THS NLUE 12 HORS FOR-.n CR WRES 117951



C;JO j: 441 444 ,ft44444* HII*4444** 4444*4i4H444*4444#44* 3 2

.ACTr:V:TY IN,'luCDES POSTFLIG~lT, REFU'ELING, AND AX 3'EFL~'iG7 "F -'c 0

ACT ; NFRM Q. Ot4. J) ;S

',Q ITF3A C5 AiRR. i3So

A A(19) AC!E/li; 08!ff

;HEREP 20% OF THE C5S REt'UIRE E2C E PRE- Tl EOFZ MA11TENANCE.

ASil ASSATRIB(6):RNCRN(.3.2b)XX(7):=XXc7).ATRi4B(6h:'; JS

;FL:GCH7 PACR T! THE U.S. I 1.,

AC~tATR:B(6);

;AFTER 13.5 'qOURSt CREiS ARE MALE AVAILABLE FOiR US-TV'-EU-ROPE 582
;FLIGcH73. THIS INCLUDESl HOURS FOR VC:REkRESTl. 53

ACTi13.5, ,FA-5; 008260

FA5U FREtAC5UI; o29
TERM; 9982990

; 4*444*4#444444141H444f44444I44411444444144***#44*4#41444 105213
f 2083231^

;I HERE, THE AIRCRAFT ENTERS MAINTENANCE FOR REPAIR AS FOLL06S: 4 118139

99269
AIRCRAFT BRANCHES TO 19 SUBSYSTEM NET9ORXS. 018370

08381
G03 GOONil9; 108399

ACToyiEvI; 998499
ACT,, ,EVZ; ff8410
ACT,, ,Ev3; 098420
AcTi P Ev4; 008439
ACTtvvEY3; 998441

ACT,, ,EV6; 998471
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; S NE%.( PCL T:E 41RFRA4E 3JSYSTE, W.U:.1. :5J

EVENT I .ETERMINE3 I E IRE ANY FAIL IN
4NE SETS MAINTENANCE T'IE :N ATTRIBUTE 3 AND SUPPLY DELAY TE
IN MATTRIBUTE 4.

E'I EVElp,; 008570

iF THERE WERE NO FAIL'RES, S) NO MAINTENANCE TIME, ThE 1
; .rSYST :M G,:S DiRECTLI TO 4AT IS OUEUE . OK-1

ACT,,ATRlB(30 .E.l,0rQI;

; F THERE WERE FAILURES AND TuE AIRCRAFT IS A C-141,00864
7HESUBSYSTEM BRANCHNE8 TO C30N NODE, GZ. 108650

ACT,,ATP.IE(Z). Q.IGZ; @7

; IF THERE WERE FAILURES AND THE AIRCRAFT IS A 0-,.
; THE SUBSYSTEM BRANCHES TO GO0)J NODE, G1. 008701

ACT,,ATRIB(Z).EQ.Z,GZ; 008720

FROM GZ, THE SUBSYSTEM TAKES !O;NLY ONE OF THE FOLLOW:NG SRANCHES. 098740
THE FIRST ACTIVITY ALWAYS REPRESENTS THE CASE WUERE A TYPE C-F 30875
MAINTENANCE SPECIALTY NOT IN THE MODEL IS REQUIRE. THERE ARE 00@761
NO RESOURCES ASSIGNED, ?UT MAINTENANCE TIME !S ACCOUNTED FOR ON 903770

; THE WAY TO CZZ. ALL OTHER BRANCHES REPRESENT THE PROBABILITIES JOS70
OF NEEDING DIFFERENT SPECIALTIES THAT HAVE BEEN MODELEJ. :F z08790
ONE OF THESE IS CHOSEN, -HE SuBSYSTEM GOES TO THE APPROPRIATE 00888
AWAIT NOE- TO WAIT FOR MAINTENANCE PERSONNEL. 398819

GZ GOON, I; 60636

ACT,ATRIB(3),.613,G02; 008849

ACT,, .384,94; 088861
303871

; FROM G3, AGAIN ONLY ONE BRANCH IS TAKEN, BUT THESE CHOICES 90sa89
; REPRESENT THE RESOURCES REWIRED BY A C-5 FOR THIS SUBSYSTEM. 998890

90891
G3 GON, i; "8919

ACT,ATRIl(3),.453,G2Z; 0#892@
ACT,,.Z&4,AW1; 098930
ACT,, .951.413; 308940
ACT,,.232,AW4; ff8959

; NM960

; THIS NETWORK FOLLOWS THE LAN0INC GEAR SUBSYSTEM, ff9971
; W.U.C. 13, IN THE SAME PATTERN AS ABOVE. 999989
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~. 1,471 E

A,'7#o.17"vAwZ;

ACT,, .302, PA4 ; 1 :

ACT~~~ 'AT19 iP±zjU.

EV3 EVE,3,1; 096

THIS NET;*43RY FwL4 THE Fl.:GHT CONTROL.3S-uE~tE00M4
14~L IN THE ?AME OATTERN AS ALOVE. JM

ACTpvATRIB(Z).E.two 30K1

ACT,ATRIBtZ)p.E99.ZZ7;.09!

AC%, ?.Z'34W4UM^

AC-,,.II8,A~q; 09296

G7 C011;aA~9 0092:1

ACTpATRIB(3ho.;17YC4^:;102'
ACT, .6346;A69"l
ACTP.12:7PAW3; oq.4
ACT, ,.493A40;03M

;THIS NEUWORK FOLLOWS THE ENINE SUBSYSTEN, M..C. Z39 2Z
;IN THE SAMlE PATTERN AS ABOVE. 0091.80

EY4 EVE94pl; 194#0
ACT, ,ATRID(3) .EQ.I,04; 619411
ACTivATRI9W.E9.1PC8; 0094421
ACToPATRI3(ZJ.EQ.ZPG9; 109438

Gs GOONti 1; 94-11
AMTATRIE(3)t.177,CZ; 019496

ACT,, .4349AW5; ff9461
ACT#,.289,AWS; 1#947f

G9 GOON,1; 069480
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IN ~~~ ~ ~ , er P W7 1:E

iAC, p!T.~ 1 PAZ; I

4C-vATR:E 3309670cz

ArCF :~s T4E ,E',' 9949

:NTh,: SAME :47ERS AS ABv- 07'

EV6 EVE#6pI; 009742
AC.'moATRI3(?;.EQ.J-,.6; 009753

ACT~yArRB(2) .EQ.1,c',i; 999761

ACTtpATR:B() .E.ZCl; 0.77
CrAN I I ; 00-

ACTvATRll(3), .9ZGZZ 919
ACT, 7fp.9QAW; 09-40

ACTo. .ATRIB3; 1E~~7 09elf

ACTvATRIB(3)?,.18p.cZ; 996
ACToo.54*,AW7;094

ACTi. .392Abd8; 009861
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ACT,,.Z78iAW8;

7 !3 ~'403K '-1L1L1S 'HE INST"UlE TS SU StN,~j 511
: h'E SAN.E PATTERN AS ABOVE.

Evs EVE81:;tol
ATT'.-'ATRhE(3'D.EQ.Jv08; ~113090
AU.it4RIB ) .EG.:,C16; 2:0:30

.C.oATRI 1' t. 009 p GZ; 0i1:3

G1, GOON91;

ACTI.33.5Z8a; 010172
AC'.tr.277vAW9; 310:39

;TRIS XET4'"R FOLLOWS THE 3ACAR SUBSYSTE'i, U.J.C. 729 .i
;~ IN 1E SAME 'ATTERN 4S ADClVE. COZZI6

E49 EVE9t:; 014
4C't,,ATRIB (^) .El.3.Q9; 139250
ACvT. 4TRIBQ) .r';.ip.lo; 99
ACTvpATRIB(2) .Et.lZG'9; 007

G:8 GOO~tL; 09
ACTtATR ID(3),.908G21'; 0
ACT.. .992.AWIO; 80

ACTpATRB'(3) ,.01Z.ZZ; 011339

ACT.'4i6.AWl1; os

;THIS NETWORK FCLLC4S THE MMLUNCTIVAN ANALYSIS SUBSYSTEM? 10361
; .U.C. !q IN THE C-5t OR THE INERTIAL NAYIGATION SUBSYSTEM. 01037
;U.U.C. 73 IN THE C-141v IN THE SAME PATTERN AS ABOYE. 9103e6

EV10 EVEr19.1; 011440
ACTitATRIB(3) .EQ.lvQll; 111
ACT. ATRIE(Z).E9.143Zl E1439
ACT. ATRIOZ).EQ.2,421; 111431

CZ1 GOON01; 110441
ACTPATRII (3)p. .ZIz.2; 011450
ACT., .567PAMII; 996L ACTti.431PAW11; 010471

GZ wit; 190481
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; NEXT SER:ES OF NET','RKS REPRESENT THE .:CAON F THE
; INT"N NCE SPEC:ALT:ES THAT HAVE BEEN MODELED. AFTER TUHE

MAINTE;ANCE HAS BEEN DONE AND SUPPLY ZELAYS ACC0UN13 FOR,6
ALL OF THESE NET*ORKS END AT GZ.. TIJS, AS ASOVE, ONLY TH- .43570
FIR T WILL BE EXPLAINED tN DETAIL.

TH'IS NETORX FOLLOWS THE SSIGNMENT O; .AF-" 43tRZ, THE FG "HT
CONTRFLS ,ANTENAE PERSONNEL. THE SVU SSTEMS WAIT HERE FOR 0,106J
-ERSC.NEL TO BE ASSIG7NE1 D , 01

Q!W AWA(11)td.1RZ/I,1, 010i640

MAINTENCE, IS AC,.0LISU.-: FOR ThE TIME iN ATTRT.DUTE vs. 13660

AiT,ATRIB(31; ol6so

; THE ,MAINTENANCE PERSCNNEL ARE FREE:. J:0730

FR;43R/I1 : 972

IF THERE IS NO SUPPLY DELAY IN ATTRIBUTE 4, THE SUBSYSTEM 31374
PROCEEDS TO G22. 0187.9

30.761
ACT, ,ATRIB(4) .EQ.9,G.2; 110776

3'0780
IF THERE IS A SUPPLY DELAY, WE WAIT FOR SPARE PARTS FOR THE 011790
AMCJNT OF TIME IN ATRIBUTE 4, AND THEN SET ATTRIBUTE 4 EQUAL 011006
TO ZERO SO THE SUBSYSTEl WILL NOT INCUR ANY FURTHER DELAY. oi9.819

313821
ACT,ATRIB (4) ,ATRIB(4) .GT.i; fi08n9
ASSATRIB(4) :; 010840

111851
; FROM HERE, THE SUBSYSTEM IS ROUTED BACK TO THE AWAIT NODE 910869
; TO HAVE MAINTENANCE MEN RE-ASSIGNED SO THE REPAIR CAN BE 919870
; COMPLETED WITH THE SPARE PARTS. NOTE THAT THE REPAIR TIME f18
; WAS ACTUALLY CUT IN HALF, IN THE EVENT ROUTINE, TO MAKE 911890
; THIS DOUBLE TRIP THROUGH MAINTENANCE POSSIBLE. AFTER THE 11916
; MAINTENANCE IS COMPLETE, SUPPLY DELAY IS ZERO, SO THE 111910
; SUISYSMEN WILL GO TO GZZ. 11921

310931
ACT,, AWI; 016940

; THIS NETWORK FOLLOWS THE ASSIGNMENT OF AFSC 431WZ, THE LANDING 39611
; GEAR MAINTENANCE P__SONEL _ IN THE SAME PATTERN AS ABOVE. _1970
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AUT ,AT R: 14) .E- .iC~Z; J

TFhS NE*?, FGL S 7HE ASSIGNMENT 'F 4FEC 42310t 7hE0.31

7:;LSISTEMS NA:NTENAKCE :ERSC.'lPT IN 7.'E SAMNE PATTERN 3:8

Aw) A 2)( t A 42 ')X I I I

FREr,*423.X3/1.

ACT tpA"' 3 () .ARB4 : .I Ti;3l 9

T4-3 NE70OK -'cL,;U T.4 ASSIG,'NENT J F AFSC 422!X4p THE i.9

P NZ ZR A UL : r3 v, A N -1E N AN~C 1 ERS11NNELi !N 'HE SAME PATTERN j!j

A44 AWA(14) ,M423X4I/lp9123
K Tt AT R 13(3); 011241

ACTvATR1(4).E,lJ'JZ'GW 01126)
ACTPATRI'-if At'RID(4) .GT.0; fli279

ACTv#?A14;

THIS NE7WCRX FOL-0S T'HE ASSIGPENT OF AFE-C 4Z6X2t THE ENGINE 1911319
MA:NTENANCE PERSONNELi 'I4 THE SAME PATTERN AS ADVE. 0443.

45 AWA15)p?4Z&X2I1,1; 911246
ACTvATRIB(3); 61,2,51
FREtM426X211t 1; 911363
ACTpoATRIB(4) .EG.lvG2Z; 111374
ACTiATRIB(4J iATR!B(4) .CT.9; 012380
ASSiATR!I(4):9; 111"M
ACTi,,ANS; 111481

611419

;THIS NETWORK( FOLLOWIS THE ASSIGNENT OF AFSC 4Z3X1, THE 111421
;ENVIRONMENTAL SYSTEM MAINTENANCE PERSONNEUy IN THE C11439

;SAME PATTERN AS ABOVE. 911440
911459

A116 AWA(1&hpN4Z3X1I1t1; 91449
AMTATRIM(); 911479
FREPH423111 ii; 11,489
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'3 NE7T4OR K F- C THE ~S:NE7OF AFS*C. ai.Z 01 7*.E FUJEL 0i1-14
-YSTE.AS 1AIN17ENANCE PERSCNNELI TN HE SAME FATTERN AS ABOVE.

.417 AWA(17,d44ZSX3/ilp; A:7
AIC7,iAT' 3(1)

ACT.oyAi7;363
-u40

THIS NE74GRK FOLLOWS THE ASSICNVENT CF AFSC 32511, TH.E AVTON7C "~

TX71UENTS MAINTENA'iCE PERSONNEL, 11 THE PATFTERN AS ASOVE. 011663

VCT i .ATRIB (4ki.) C
ACTYATRIB:4) ,ATRIB(4).GT.0; 012
ASAT;!B 4) :9 17"1
ACT,, PA48; U1740

THIS NETWORK FOLLOWS THE ASSIGNMENT CF IFSC 325XU, THE 016
AU73MAT!i: FLTIGHT CONTRCLS MAINTENANCE FERSCiNELi IN 'HE i7T
SAM~E PATTERN A'S ABZVE. 1 a

V!:790

ACTYATRII(3); si:"i:

ACTytAT.3iB(4) .EO.1pCZ2; SI
ACTvATRID(4) ,ATRII(4) .GT.0; lisaf
ASSoATRID(4)z99185
ACTqo9AV9; 911569

011870
;THIS NETWORK FOLOWi THE 4SSIC KENT OF AFSC 32811, THE AVIONIC 111886
;NAVIICATION SYSTEMS MAINTENANCE PERSONNELi IN THE SAME PATTERN f91iS9I

fACTo.AT1(3);092
ACTttATRI (4)..IM815

ASStATRIU(4)zf; 111971
ACTo9AM:I; 61s
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-. 3 -:.4 4'S- .S"EN7 CF ArFC 323X4t TrE : :3T:AL
AN " ;I'A7?N SY3TE,' IM 'A' PERSO' N"iN -E

Z47RA AS 4BctlE.

A41 AWAZ11-3zsx41~1;
ACt."ATR:B;3) ;

ACT.ATR:2f41 ,4TiB(4) .GT.MJ 1 8

NOTE THAT ALL S3SYSTE-;S C NVERCE ON T.4IS PONFROM TjE
NET7WORKS THAT "OZEL MAINTENANCE pER3CNNE--Lt OR DIRECTLY 2l 1 Zi 3
FROM THE BRANCHIlG NODES AFTER TL;E EVENTS.K:4

22 GOOSPI; IdlA

IF THE ZUBSYST MS THAT CA E FROl THE %;A"vuCNOES STL
HAVE SUPP:Y DELAY TIME IN ATTRIBUTE 4, TH'AT TZIE PLUS TmE
iiE3ND TIME THpiOUCH THE TANENNETM RE COINTED FOR
0N Tr-E INAY TO GZ23. J!2^21ii

ACIT,ATRIB(O')+ATR1IE'4) ,R'IL) .GT.8,G23Z'; 0123
OIZ2I48

ALL OTHE"It WITH ATTRIBUTE 4 E6'UA TO ZEROP PROCEED TO ,23 o0:225
WITH No rELAY. 012260

AC'lyiATRB(4).EQ.oo:3; 0 '? i

FRC! THIS NODE, THE SUES'YST:ES GO TI ThE APPROPRIATE QUELE c22

4TTRIBE' 5 IS SET, IN EACH EVENTP TO THE NUMBER ')F THATr o12318
;EVENT. THUSs THE COK'UIONAL BWAZ~HING ENSURES THAT EACH i 01(.I
SUBSYSTEM WILL WAIT '. THE APPROPRIATE QUEUE. 912339

023 GOOK11; 012351
ACTtATRIB(5) .EQ.1,Q1; 12126a
ACTttATRIB(5).EQ.~Zr7; 927
ACT,,ATRIB(5) .EQ.3pQ3; ol12389
ACT, ,ATRIB(5) .EQ.4,g4; 912396
ACT, tATRIB(5) .EQ.5s05; 140
ACT, ,ATRIB(5) .EQ.6oQ6; 912419
ACTvtATRIB(5) .EQ.7tQ7; 012420
ACTvtATRIB(5).Q8i8 0 12438
ACTptATRIB(5) .EQ.9pQ9; 912449
ACTttATRIBD5).EQ.19tQ19; 012450

THESE TEN ;UEUES CORRESPOND TO THE SAME NUMBER EVENTSP 91Z471
SO EACH SUBSYSTEM HAS A DISTINCT PLACE TO WAIT FOR 012480
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II
p~ i tATC; Z~

. ' ;UE f 7) p, ,. p~ ,

WrN A LL TEN t-'SUEY-.TENS HAVE 14P-6ZEtB 3AITEANE 'S+WN 3Y 3Uj 2
4 A 1D",C AN EN TY :N E ACH O F T E 7 EN LE' W 1 iT THE SA E M A R j
-:!E IN A7T"DJE li THrEY ARE ~TH~ AN' SENT T' Al. 31".40

4 CCUMILATE NOCE -"O"BINES ALL TEN :UBSYSTEMS :NTO ONE S29
AIRCRAcT THAT 1S READY TO DEPART MATNTEIANCE. 02i

;*4444*44444**4*4*4**4 *444444444*4444444444444444*44444 ilZ740

;I AT THIS POINTF THE 4'RCRAF7 DEPARTS KA'NTENANC: 01-l61

;#44444444**4444,*f*4***44*4444** 4**,*4*4*,4144**I44*4#0,24

;AIRCRAFT TIJRNAR01"iD AND RETURN TO ACFT RESOURCE WHERE IT
W~ITS FOR CAR;.' (SEE BEGINNING OF NETWORK).

ACTUSERF(4) ,ATPIB(&) .EQ.1,F141;

;ONCE THE ACFT IS FI1EDt 1T IS MADE AVAILABLE FOR USE. ~Z7

F141 FRE4141J1;

FC5 FRECS/1; 12911
TERM; 912921
END; 91Z13f

INIT40,20; 012940
S.EEDS,-1Z4397822919957(1) ,-346713336338q (2) ,-79t54468g14ze1(31; 112956
SEE'DSP-184170232136813(4) P-280033029935985(5) t-147959512963949(6); #12969
SEEDS,- 125894583854829(7) ,-151477775663725(8) ,-2278747467279"7(9); 412971
SEEDSP-82174077946221c 19); 11298s
1oNTRoSIJMRYiZ4.P24.; 012991
FIN; 012010
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